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TECHNICAL FIELD OF THE INVENTION 

BACKGROUND OF THE INVENTION 
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Cell Genet. , 1993, 63(3):200. By isotopic in situ hybridization, they mapped the gene to 1 7pl 3- 
pl2 with a peak at band 1 7p 1 3. A minor peak was detected on chromosome 3, with a maximum 
in the region 3ql3-q21. After Mspl digestion, a restriction fragment length polymorphism 
(RFLP) was demonstrated. Using this in a study of 3 CEPH pedigrees, they demonstrated linkage 
5 with D17S126 at 17pter-pl2; maximum lod = 3.6 at theta = 0.0. Used as a probe on Southern 
blots under moderately stringent conditions, the cDNA hybridized to at least 3 closely related 
genes. Ben-Arie and colleagues cloned 16 human OLFR genes, all from 1 7pl 3 3. See Ben-Arie 
et at, Hum. Mol. Genet. , 1994, 3(2):229. The intronless coding regions are mapped to a 350-kb 
contiguous cluster, with an average intergenic separation of 15 kb. The OLFR genes in the 

10 cluster belong to 4 different gene subfamilies, displaying as much sequence variability as any 

randomly selected group of OLFRs. This suggested that the cluster may be one of several copies 
of an ancestral OLFR gene repertoire whose existence may have predated the divergence of 
mammals. Localization to 17pl3.3 was performed by fluorescence in situ hybridization as well 
as by somatic cell hybrid mapping. 

1 5 Previously, OR genes cloned in different species were from disparate locations in the 

respective genomes. The human OR genes, on the other hand, lack introns and may be 
segregated into four different gene subfamilies, displaying great sequence variability. These 
genes are primarily expressed in olfactory' epithelium, but may be found in other 
chemoresponsive cells and tissues as well. 

20 Blache and co-workers used polymerase chain reaction (PCR) to clone an intronless 

cDNA encoding a new member (named OL2) of the G protein-coupled receptor super family. See 
Blache et ai % Biochem. Biophvs. Res. Commun. , 1998, 242(3):669. The coding region of the rat 
OL2 receptor gene predicts a seven transmembrane domain receptor of 315 amino acids. OL2 
has 46.4 percent amino acid identity with OL1, an olfactory receptor expressed in the developing 

25 rat heart, and slightly lower percent identities with several other olfactory receptors. PCR 

analysis reveals that the transcript is present mainly in the rat spleen and in a mouse insulin- 
secreting cell line (MIN6). No correlation was found between the tissue distribution of OL2 and 
that of the olfaction-related GTP-binding protein Golf alpha subunit. These findings suggest a 
role for this new hypothetical G-protein coupled receptor and for its still unknown ligand in the 

30 spleen and in the insulin-secreting beta cells. 

Olfactory loss may be induced by trauma or by neoplastic growths in the olfactory 
neuroepithelium. There is currently no treatment available that effectively restores olfaction in 
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the case of sensorial olfactory losses. See ^J^-— -^^^ rema ins a need for 

„t t« restore olfaction in pathologies related to 
effective treatment to restore ui 

SUMMARY OF THE INVENTION 
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• • wd in part upon the discovery of novel poiyn 
The invention is based, in pari, u H 

encoding novel polypeptides. acid mo i ecu i e that 

Accordingly, in one aspect, the invention prov* a s 

of SEOIDNO: 1,3,5,7,9,11, 13,15 t 17,»y^ , 
includes the sequence of SEQ W & ^ acld 

ThCnUCle,C 

acid sequences of bbg iu ^> 

Als o included ,n * — , a vc. ^ ^ ^ 

-tic^-^r 

WVX nucle, «H and a P^-^ Uy ;7 P ":; punfie a NOVX polypep*. 
,,, any of ,ne NOVX p*^ ^ includes . p „,ica, 



20 



diluent. 



25 



30 



NOVX polypeptide. The antibo y ^ ^ ^ a 

iM ' COmPOS '" m " IL ,o isola.ed a»u**s *a, »nd .o an «,.ope « • 
„ diluent. The invenuon ,s also d,.ect.d 

The invention also includes kits con.pr.smg any P 

described above. 



WO 01/51632 



PCT/USOl/01513 



The invention further provides a method for producing an NOVX polypeptide by 
providing a cell containing an NOVX nucleic acid, e.g., a vector that includes an NOVX nucleic 
acid, and culturing the cell under conditions sufficient to express the NOVX polypeptide encoded 
by the nucleic acid. The expressed NOVX polypeptide is then recovered from the cell. 
5 Preferably, the cell produces little or no endogenous NOVX polypeptide. The cell can be, eg, a 
prokaryotic cell or eukaryotic cell. 

The invention is also directed to methods of identifying an NOVX polypeptide or nucleic 
acid in a sample by contacting the sample with a compound that specifically binds to the 
polypeptide or nucleic acid, and detecting complex formation, if present. 

10 The invention further provides methods of identifying a compound that modulates the 

activity of an NOVX polypeptide by contacting an NOVX polypeptide with a compound and 
determining whether the NOVX polypeptide activity is modified. 

The invention is also directed to compounds that modulate NOVX polypeptide activity 
identified by contacting an NOVX polypeptide with the compound and determining whether the 

1 5 compound modifies activity of the NOVX polypeptide, binds to the NOVX polypeptide, or binds 
to a nucleic acid molecule encoding an NOVX polypeptide. 

In another aspect, the invention provides a method of determining the presence of or 
predisposition of an NOVX-associated disorder in a subject. The method includes providing a 
sample from the subject and measuring the amount of NOVX polypeptide in the subject sample. 

20 The amount of NOVX polypeptide in the subject sample is then compared to the amount of 

NOVX polypeptide in a control sample. An alteration in the amount of NOVX polypeptide in 
the subject protein sample relative to the amount of NOVX polypeptide in the control protein 
sample indicates the subject has a tissue proliferation-associated condition. A control sample is 
preferably taken from a matched individual, i.e., an individual of similar age, sex, or other 

25 general condition but who is not suspected of having a tissue proliferation-associated condition. 
Alternatively, the control sample may be taken from the subject at a time when the subject is not 
suspected of having a tissue proliferation-associated disorder. In some embodiments, the NOVX 
is detected using an NOVX antibody. 

In a further aspect, the invention provides a method of determining the presence of or 

30 predisposition of an NOVX-associated disorder in a subject. The method includes providing a 
nucleic acid sample, e.g., RNA or DNA, or both, from the subject and measuring the amount of 
the NOVX nucleic acid in the subject nucleic acid sample. The amount of NOVX nucleic acid 
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DETAILED DESCRIPTION « THE INVENTION^ 
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than 80% identical to one another at the amino acid level are considered to belong to the same 
subfamily. 

Since the first ORs were cloned in 1991 , outstanding progress has been made into their 
mechanisms of action and potential dysregulation during disease and disorder. It is understood 
5 that some human diseases result from rare mutations within GPCRs. Drug discovery' avenues 

could be used to produce highly specific compounds on the basis of minute structural differences 
of OR subtypes, which are now being appreciated with in vivo manipulation of OR levels in 
transgenic and knock-out animals. Furthermore, due to the intracellular homogeneity and ligand 
specificity of ORs, renewal of specific odorant-sensing neurons lost in disease or disorder is 

10 possible by the introduction of individual ORs into basal cells. Additionally, new therapeutic 
strategics may be elucidated by further study of so-called orphan receptors, whose ligand(s) 
remain to be discovered. 

OR proteins bind odorant ligands and transmit a G-protein-mediated intracellular signal, 
resulting in generation of an action potential. The accumulation of DNA sequences of hundreds 

15 of OR genes provides an opportunity to predict features related to their structure, function and 
evolutionary diversification. See Pilpel Y, et.al., Essays Biochem 1998;33:93-104. The OR 
repertoire has evolved a variable ligand-binding site that ascertains recognition of multiple 
odorants, coupled to constant regions that mediate the cAMP-mediated signal transduction. The 
cellular second messenger underlies the responses to diverse odorants through the direct gating 

20 of olfactory-specific cation channels. This situation necessitates a mechanism of cellular 
exclusion, whereby each sensory neuron expresses only one receptor type, which in turn 
influences axonal projections. A 'synaptic image* of the OR repertoire thus encodes the detected 
odorant in the central nervous system. 

The ability to distinguish different odors depends on a large number of different odorant 

25 receptors (ORs). ORs are expressed by nasal olfactory sensory neurons, and each neuron 

expresses only 1 allele of a single OR gene. In the nose, different sets of ORs are expressed in 
distinct spatial zones. Neurons that express the same OR gene are located in the same zone; 
however, in that zone they are randomly interspersed with neurons expressing other ORs. When 
the cell chooses an OR gene for expression, it may be restricted to a specific zonal gene set, but it 

30 may select from that set by a stochastic mechanism. Proposed models of OR gene choice fall into 
2 classes: locus-dependent and locus-independent. Locus-dependent models posit that OR genes 
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human OLF1 homolog by hybridization to YACs that map to 1 Iql 1. In dogs, the OLF1 and 
OLF2 subfamilies are within 45 kb of one another (Issel-Tarver and Rine (1996)). 

Issel-Tarver and Rine (1997) demonstrated that in the human OLF1 and OLF2 homologs 
are likewise closely linked. By studying YACs, Issel-Tarver and Rine (1997) found that the 
5 human OLF3 homolog maps to 7q35. A chromosome 19-specific cosmid library was screened by 
hybridization with the canine OLF4 gene probe, and clones that hybridized strongly to the probe 
even at high stringency were localized to 1 9p 13.1 and 19pl3.2. These clones accounted, 
however, for a small fraction of the homologous human bands. 

Rouquier et al. (1998) demonstrated that members of the olfactory receptor gene family 

10 are distributed on all but a few human chromosomes. Through fluorescence in situ hybridization 
analysis, they showed that OR sequences reside at more than 25 locations in the human genome. 
Their distribution was biased for terminal bands of chromosome arms. Flow-sorted 
chromosomes were used to isolate 87 OR sequences derived from 16 chromosomes. Their 
sequence relationships indicated the inter- and intrachromosomal duplications responsible for OR 

15 family expansion. Rouquier et al. (1998) determined that the human genome has accumulated a 
striking number of dysfunctional copies: 72% of these sequences were found to be pseudogenes. 
ORF-containing sequences predominate on chromosomes 7, 16, and 17. 

Trask et al. (1998) characterized a subtelomeric DNA duplication that provided insight 
into the variability, complexity, and evolutionary history of that unusual region of the human 

20 genome, the telomere. Using a DNA segment cloned from chromosome 19, they demonstrated 
that the blocks of DNA sequence shared by different chromosomes can be very large and highly 
similar. Three chromosomes appeared to have contained the sequence before humans migrated 
around the world. In contrast to its multicopy distribution in humans, this subtelomeric block 
maps predominantly to a single locus in chimpanzee and gorilla, that site being nonorthologous 

25 to any of the locations in the human genome. Three new members of the olfactory receptor (OR) 
gene family were found to be duplicated within this large segment of DNA, which was found to 
be present at 3q, 15q, and 1 9p in each of 45 unrelated humans sampled from various populations. 
From its sequence, one of the OR genes in this duplicated block appeared to be potentially 
functional. The findings raised the possibility that functional diversity in the OR family is 

30 generated in part through duplications and interchromosomal rearrangements of the DNA near 
human telomeres. 
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TABLE 1. Sequences and Corresponding SEP ID Numbers 



NOVX 
Assignment 


Internal 
Identification 


SEQ ID 

INO 
(nucleic 
tic id) 


cca in wri 
bkt^ 1U INO 

^poiypepiiuej 


Homology 


i 
i 




I 


2 


OR GPCR 






-5 
J 




OR PiPPR 




A L 1 Z I 75DA 






OR fiPCR 


A 


Al IT IQfiAA 1 


7 


9 
o 


OR fiPCR 


5 


AC012661 A 


9 


10 


OR GPCR 


D 




] ] 


12 


OR GPCR 


7 


AF06J779 A 


13 


14 


OR GPCR 


8 


AC012616 A 


15 


16 


OR GPCR 


9 


AC012616 Al 


17 


18 


OR GPCR 


10 


AC019108 A 


19 


20 


OR GPCR 


1 t 


ACO 12661 da 1 


21 


22 


OR GPCR 


12 


CG50381-01 


23 


24 


OR GPCR 


13 


AC012661A_.0. 
46_EXT 


25 


26 


OR GPCR 



Where OR GPCR is an odorant receptor of the G-protein coupled-receptor family. 

NOVX nucleic acids and their encoded polypeptides are useful in a variety of 
applications and contexts. The various NOVX nucleic acids and polypeptides according to the 
5 invention are useful as novel members of the protein families according to the presence of 
domains and sequence relatedness to previously described proteins. Additionally, NOVX 
nucleic acids and polypeptides can also be used to identify proteins that are members of the 
family to which the NOVX polypeptides belong. 

For example, NOV1-10 are homologous to members of the odorant receptor (OR) family 

10 of the human G-protein coupled receptor (GPCR) superfamily of proteins, as shown in Table 56. 
Thus, the NOV1-10 nucleic acids and polypeptides, antibodies and related compounds according 
to the invention will be useful in therapeutic and diagnostic applications in disorders of olfactory 
loss, e.g., trauma, HIV illness, neoplastic growth and neurological disorders e.g. Parkinson's 
disease and Alzheimer's disease. 

15 The NOVX nucleic acids and polypeptides can also be used to screen for molecules, 

which inhibit or enhance NOVX activity or function. Specifically, the nucleic acids and 
polypeptides according to the invention may be used as targets for the identification of small 
molecules that modulate or inhibit, e.g., neurogenesis, cell differentiation, cell motility, cell 
proliferation and angiogenesis. 

20 Additional utilities for the NOVX nucleic acids and polypeptides according to the 

invention are disclosed herein. 
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N0V1 c a nucleic acid sequence encoding a 

A NOV1 sequence according to the ^"''^j^ ^ t ^ e G-protein coupled receptor 

(GPCR) SU ^ r ^ am '^ , ^^ 0 2 ClI j^ disclosed nucleic acid (SEQ1DNO:!) is 1,071 nucleotides in 
sequences shown ,n Table i. /nRFt that begins with an ATG initiation codon at 

,e„ g ,h and contains an o„n rcadtng ft- (ORF) that heS 

j **w o taa ston codon at nucleotides i, 
s^»aens^ TAA - p(ide (S£Q lD NO:2 , Putat.e untranslated 

CATCTTGCTGGCCATTGGCT^ 

GCCAATCTGTCCTTGGTAGACCTCTGCOTCC cctgoctcaoatg 

CTGAACATCCAAACCCAAACCCAAACCATCTCCTATC GGCATATG 

TAmCTGTATGATGTTTGCCAATATGGACAA^CTTC 0CCCTGC GCCT 

ACCGTTACGTGGCCATCTGTCACCCTTTACAT^C^C^ACCAT ^^^^^^^ 

0 CTGTGCCTCTCTGGTAGCTGCACCTTGGGTCAT^GCC^TTT^ ^^^^^^^ 

ACTCTTATGATGGCCCATCTGCACTTCTGCTCTGATAATG ^^^^^^^ 

oT^TATCAACtcrcrccra^^ 

T GTTCTGGCTACGGTGGGGCTGATC^GGT^™ 

TATATCCTCATTGmCTGCTGTGATGAAAGTCCCTTC^ ATOGAGCAATC a 

25 gctttctctacctgtggatctcaccttgccttgg^cattct ^^^^^ a ^ 
caggggtctatatgagccccttatccaatcactctactga^^^ ^^^^^^^^ 

CAGTCArTTTTA^GTTGTAG^ 

30 ^ri^ 
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MEGKNQTNISEFLLLGFSSWQQQQVLLFALFLCLYLTGLFGNLLILLAIGSDHCLHTPMY 
FFLANLSLVDLCLPSATVPKMLLN1QTQTQTISYPGCLAQMYFCMMFANMDNFLLTVM 
AYDRYVAICHPLHYSTIMALRLCASLVAAPWVIAILNPLLHTLMMAHLHFCSDNVIHHF 
FCDINSLLPLSCSDTSLNQLSVLATVGLIFVVPSVCILVSYIL1VSAVMKVPSAQGKLKAFS 
5 TCGSHLALVILFYGAITGVYMSPLSNHSTEKDSAASVIFMVVAPVLNPFIYSLRNNELKG 
TLKKTLSRPGAVAHACNPSTLGGRGGWIMRSGDRDHPG (SEQ ID NO.: 2) 

The NOV1 nucleic acid sequence has homology with several fragments of the human 
olfactory receptor 17-93 (OLFR) (GenBank Accession No.: HSU76377), as shown in Table 3. 

10 Also, the NOV1 polypeptide has homology (approximately 61% identity, 74% similarity) to 

human olfactory receptor, family 1, subfamily F. member 8 (OLFR) (GenBank Accession No.: 
XP007973), as is shown in Table 4. Furthermore, the NOV1 polypeptide has homology 
(approximately 61% identity, 75% similarity) to a human olfactory protein (OLFR)(EMBL 
Accession No.: 043749), as is shown in Table 5. 

15 Overall amino acid sequence identity within the mammalian OR family ranges from 45% 

to >80%. OR genes that are 80% or more identical to each other at the amino acid level are 
considered by convention to belong to the same subfamily. See Dryer and Berghard, Trends in 
Pharmacological Sciences ,! 999, 20:413. 

OR proteins have seven transmembrane a-helices separated by three extracellular and 

20 three cytoplasmic loops, with an extracellular amino-terminus and a cytoplasmic carboxy- 

terminus. Multiple sequence aligment suggests that the ligand-binding domain of the ORs is 
between the second and sixth transmembrane domains. 

Thus, NOV1 is predicted to have a seven transmembrane region and is similar in that 
region to a representative GPCR, e.g. dopamine (GPCR) (GenBank Accession No.: P20288), as 

25 is shown in Table 6. 



TABLE 3 

NOVl : 1034 GGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATCAT 1093 

II I I I ! I II I I ! I I I I II II I I I I I I I I I I i I I I I II I I I I I I M ! I I I I I I I I II 

30 OLFR: 412 0 0 GG ATGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGTGGGCGGATCAT 412 59 



NOVl: 1094 GAGGTCAGGAGATCGAGACCATCCTGGCTAAC 1125 (SEQ ID NO. 33) 

I I I M I I I I MINIMI I I I II I 11 
OLFR; 41260 GAGGTCAGTTGTTCGAGACCAACCTGGTCAAC 41291 (SEQ ID NO. 37) 

35 



12 



PCT/15S01/O1513 



WO*n/5H>32 



1091 



NOVl: 1032 
OLFR: 
5 NOVl: 1092 A 



CGAGGCGGGCGGATC 6 0 



CCGGG CGCGGTGGC T CACGCC^^^ 

GTGTAATCCCAGCACTTTGGGAGGC 

1AAC 1125 (SEQ ID NO. 41) 

96 (SEQ ID NO. 47) 



1 CTGGGCTCGGTGGCTCACAC 

-TGAGGTCAGGAGATCGAGACCATCCTGGCT 



OLFR : 



OLFR: 46B 1032 (SEQ ID N0 ■ 48 ^ 



20 



CP,, 12! DRWMCHP^SI ,. T t.rsyMHITCTVLKVPSTKGRV1KAFST 2.0 

^.Kl.SCSDTHUKVllI.SESM.VnlTPFt.CII^SYMH;^ 

N0V1 , „, ~SCS. ^VS^KV^^ST 2« 



30 



40 



NO Vl: 301 LKKVVGR 307 (SEQ ID NO. 27) 

TABLE! 



45 



50 



NOVl : 
OLFR : 
NOVl: 
OLFR: 
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NOVl ; 12 1 DRWAICHPLHYSTI^lAX J RLCASl J VAAPVA/IAIIJaPLLHTI J ^mAi^LHFCSDNVIHHFFCD 180 
* +** + ****** + * + *** + ** ** + * ** ***** + * * * ** + ** * * * * * * 

OLFR: 12 1 DHFVAVCHPLHYTAKMTHQLCALLVAGLWWANLWLLHTLLMAPLSFCADNAITHFFCD 180 

NOVl: 181 TNSLLPLSCSDTSIjNQLSVIJXTVGL.IFVVPSVCILVSYTLIVSAVMKVPSAOGKLKAFST 240 

+ * * ****** * * + +. +*+ * -f + * + * * * **+ * * + ★*** + * + ***** 

OLFR: 181 VTPLLKLSCSDTHLNEVI ILSEGALVMITPFLCILAS YMHI TCTVLKVPSTKGRWKAFST 240 



10 



15 



NOVl: 241 CGSHLALVI LFYGAITGVYMSPLSNHSTEKDSAASVI FMWAPVLNPFI YSLRNNELKG 299 
(SEQ ID NO. 29) 

****** + + + ** + * ** + *+*+** *- * * + *_*_* + + ** *+********** *** 

OLFR: 241 CGSHLAWL.LFYSTI IAVYFNPLSSHSA£KDT^TVLYTWTPMLNPFI YSLRNRYLKG 299 

(SEQ ID NO. 30) 



Where * indicates identity and + indicates similarity. 



TABLE 6 

NOVl : 48 AIGSDHCLHTPMYFFLANLSLVI)LCLPSATVPKM 107 
GPCR : 8 AVSREKALQTTTNYLIVSIAVADI^VATLVTO^ 6 7 



20 NOVl : 108 ANMDNFLLTVMAYDRYVAICHPLHYSTIM- ALRLCAS LVAAPVA/IAILNPLLHTLMMAHL 166 
GPCR : 68 CTAS I LNLCAI SIDRYTAVAMPMLYNTRYSSKRRVTVMIAI VWVLSFTISCPMLFGLNNT 127 



25 



NOVl : 167 HFCSDWIHHFFCDINSLLPLSCSDTSLNQLSVLATVGLIFVVPSVCILVSYILIVSAVM 226 

GPCR: 128 DQN ECI IANPAFWYSS IVS - - FYVPFIVTLLVYIKIYIVLR 167 

NOVl: 2 27 KVPSAQGKLK 2 36 (SEQ ID NO . 31) 

GPCR; 16 8 RRRKRVNTKR 177 (SEQ ID NO. 32) 



Because the OR family of the GPCR supcrfamily is a group of related proteins 
30 specifically located at the ciliated surface of olfactory sensory neurons in the nasal epithelium 

and are involved in the initial steps of the olfactory signal transduction cascade, NOVl can be 

used to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 

superfamily, NOVl satisfies a need in the art by providing new diagnostic or therapeutic 
35 compositions useful in the treatment of disorders associated with alterations in the expression of 

members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 

compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 

diseases and pathologies, including by way of nonlimiting example, those involving 

neurogenesis, cancer and wound healing. 

40 
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NOV2 ^nrleic acid sequence encoding a 

A N0 V, sequence — .o die — , - cMpW reccp , M 

( GPCR)superfamilyofprolems- A a I^FO !t> NO:3) is 1,040 nucleotides in 

■ T u. 7 The disclosed nucleic acid lu 
sequences shown ,n Table 7. The dis ^ ^ ..^ codon at 

leng ,h and contains an opening frame W ^ 
nucleoudes «M4 and ends «*h a TOA ^f^T , D N0;4) . Pu ,a U v= u— d 

regions upstream and downstream ot the codmg 

X£BLEi pttCTCCTAAACCATGAGCATTAA 

CTCCTACTGGGATTTCCCGTTGGCCCAAGGATTC^^ ^^^^^^^^^ 
CCCTGTTCTACGTCTTCACCCTGCTGGGOAACO^GACCA 

TGGACTCCAGACTGCACGCCCCCATGTAmC^ 

ACATCGCCTACGCCTGCAACACGGTGCCCCGOATGC CACTTTTGC 
CCAAGCCCATCTCCTTTGCGGGCCGCATGATGCAG^C^ ^^^^^^^^^ 

G TCACAGAAT«^^^^ 



V 



20 



25 



30 



C ACCCCCTCCGAT ATTTGGCC A . ■ ATCTTG TGTTACTTCTACCTTT 
ACCCTTCTGTAGGCCCCAGAAAATTT^ 

^AACTl'GCCTGrGCAGATACCCACATCA^^GAGAA^ ^^^^^^^^^ 
TCTGGGCTGGTGGGACCCTTGTCCACAAT^G^TA^^^^^^^^^^^^^^ 
CTATCCTTCAGATCCAATCAAGGGAAGTTCAGA ATTATCATGTA TGTrGGACC 
CCCACCTCTGTGTGATTGGACTCGmATG^G GTTTCACAGCCT CTT 
CAGATATGGGAACCCCAAGGAGCAGAAG^iAAT^ATCT^ ^^^^^^^^^^^ 

TAATCCCATGCTCAATCCCCrrA~ 
TTTGAAGAGAGTGCTGGGAGTAGAAAGGGCTTTAT 

ACTG^CMSEQlDNO.iS) 
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PC T/U S01/01 5 13 



MGDNITSIREFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYFFL 
SHLAVVDIAYACNTVPRMLVNLLHPAKPISFAGRMMQTFLFSTFAVTECLLLVVMSYDL 
YVAICHPLRYLAIMTWRVCITLAV 1 SWT! GVLLSLIHLVLLLPLPFCRPQKIYHFFCEILA 
VLKLACADTHrNENMVLAGAISGLVGPLSTIVVSYMCILCAlLQIQSREVQRKAFRTCFSH 
5 LCVIGLVYGTAIIMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPL1CSLRNSEVKNTL1CRV 
LGVERAL (SEQ ID NO.: 4) 

The NOV2 nucleic acid, polypeptide, antibodies and other compositions of the present 
invention can be used to detect nasal epithelial neuronal tissue. A NOV2 nucleic acid was 

10 identified on human chromosome 6. 

The NOV2 nucleic acid sequence has a high degree of homology (99% identity) with a 
human genomic clone corresponding to chromosome 6 (CHR6) (GenBank Accession No.: 
AL 135904), as shown in Table 8. Additionally, the NOV2 polypeptide has a high degree of 
homology (approximately 95% identity) to a human olfactory receptor (OLFR) (GenBank 

15 Accession No.: AL1 35904), as shown in Table 9. Furthermore, the NOV2 polypeptide has a high 
degree of homology (approximately 91% identity) to a human olfactory protein (OLFR) (EMBL 
Accession No.: AC005587), as shown in Table 10. Overall amino acid sequence identity within 
the mammalian OR family ranges from 45% to >80%. OR genes that are 80% or more identical 
to each other at the amino acid level are considered by convention to belong to the same 

20 subfamily. See Dryer and Berghard, Trends in Pharmacological Sciences , 1999, 20:413. 

OR proteins have seven transmembrane a-helices separated by three extracellular and 
three cytoplasmic loops, along with an extracellular amino-terminus and a cytoplasmic carboxy- 
tcrminus. Multiple sequence aligment suggests that the ligand-binding domain of the ORs is 
between the second and sixth transmembrane domains. Thus, NOV2 is predicted to have a seven 

25 transmembrane region, and is similar in that region to a representative GPCR, e.g. dopamine 
(GPCR) (GenBank Accession No.: P20288) as is shown in Table 11. 



CHR6 : 22579 ccgaacaagttaaaatgaatctgt tt ttaaacact tctcctaaaccatgagcattaactt 22520 



TABLE 8 



30 



NOV2 : 1 
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'! ilt-tecceittqgcccaaggattcagatgctcccctctgaM 
CHR6: 22459 ctgggatttcccgttgg 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



*■ cto^aacgggaccatactggggctcatctcactggactccaga 240 
1B1 tacgtcttcaccctgctggggaacggg I I I I M I I ' ' 1 1 ___ 

19 , I I I I I I M I II i I HI I I M I I 1 11 1 1 III li'iiiiclcatctcactggactccaga 223 



i I M I I I I II I I I I I I I I I I 1 I 1 1 1 11 1 1 M ' ' ^^cratcaacatcgcctacgce 



NOV2 



CHR6 



. 241 ctgcacgcccccatgwKL^-v - i | | I 1 I I 1 M I | I I I I I I I I I > ' ' ' ' 1 1 ' 1 _____ 
| | I I I I HI I IN I I iiUi III I liiiliUU^-gacatcgcctacgcc 22280 
. 22339 ctgcacgcccccatgtacttcttcccc 

C„ R6: 22279 mii-ggig=cccggatgc t ggtgaacctcc t gca t cc 



C „ M , 22159 ct:_gtggtg«_tc-t_t_««<-t-=_ « 

I I II I I I I I I I 1 I I I I I I I I I I ' ' I '.' 1 ' 'iiliil^Ltaaaccactggagtcctt 220 



CHR6: 22099 Ilcatgacctggagagtctgcatcaccctcgcgg 

ccttctgtaggccccagaaaatt GOO 



;i 21980 

_ RS1 __ ss , UIU__UU_iUUli^^i--=«'«"=«"«""" 993 " 9 " c ' 9 
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NOV2 : 781 aggaaagcc t tccgcacctgctt ct cccacc t ctgtgtgat tggactcgt t ta tggcaca 840 

I I II I I II I I! M I I I II I I I I I I II II II M I I II M I I I I M I 1! I I I ! I I I ! I I I ! I 

5 CHUB: 21799 aggaaagcct tccgcacctgctt ct cccacct ctgtgtga t tggactcgt t tatggcaca 21740 
NOV2 : 841 gccattatcatgtatgttggacccagatatgggaaccccaaggagcagaagaaatatctc 900 

II 1 M I I I II M I I I I I I I I I I I I I I I M I M I I I I I I I i I I I I I I ! I M M I I I I I I I I 

10 CHR6 : 21739 gccattat catgtatgt tggacccagatatgggaaccccaaggagcagaagaaa tatctc 21680 
NOV2 : 901 ctgctgtttcacagcctctttaatcccatgctcaatccccttatctgtagtcttaggaac 960 

1 1 I 1 1 1 1 I 1 1 I 1 1 1 I II 1 1 1 I I I M 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 I M 1 1 1 1 I M ! 1 1 1 1 II 1 1 1 

15 CHR6 : 21679 ctgctgttt cacagcctct ttaa tccca tgctcaatccccttatctgtagtcttaggaac 21620 
NOV2 : 961 tcagaagtgaagaatactttgaagagagtgctgggagtagaaagggctttatgaaaagga 1020 

I M 1 1 M ! I I I M I : ! M ! I ! I I I 1 1 M I 1 I I I ! I I I I M < M I I I I I ! I M I M 

20 CHR6 : 21619 tcagaagtgaagaat actt tgaagagagtgc tgggagtagaaagggc t tta tgaaaagga 21560 
NOV2 ; 1021 t tatggca t tgtgactgaca 1040 (SEQ ID NO. 3) 

MIIMMIIMIMIIIII 

CHR6 : 21559 t tatggca t tgtgactgaca 21540 (SEQ ID NO. 34) 

25 

TABLE 9 

NOV2 : 51 DSRLHAPMYFFLSHI^VVDIAYACNTVPRMLVNLLHPAKPISFAGRMM 110 
************************************************************ 

OLFR : 13 DSRLHAPMYFFLSHLAWDIAYACNTVPRMLVNLLHPAKPI SFAGRMMQTFLFSTFAVTE 72 

30 

NOV2 : 111 CLLLWMSYDLWAICHPLRYLAIMTWRVCITLAVTSWTTGVXXXXXXXXXXXXXPFCRP 170 

****************************************** ***** 

OLFR : 73 CLLL T \A^SYDLWAICHPLRYI^IMTWRVCITI^VTSWTTGVLLSLIHLVLLLPLPFCR^ 132 

35 NOV2 : 171 QKIYHFFCEILAVLKJ^CADTHINENIWLAGAISGLVGPLSTIWS™ 230 

************************************************************ 

OLFR: 133 QKI YHFFCEILAVLKLACADTHINENMVLAGAISGLVGPLSTI WSYMCILCAILQIQSR 192 

NOV2 : 231 EVQRKAFRTCFSHLCVIGLVYGTAI IMWGPRYGNPKEQKKYLLLFHSLFNPMLNPL I CS 290 
************************************************************ 

OLFR: 193 EVQRKAFRTCFSHLCVIGLVYGTAI I MYVGPRYGNPKEQKKYLLLFHSLFNPMLNP LI CS 252 



40 



NOV2 : 291 LRNSEVKNTLKRVLGVERAL 310 (SEQ ID NO. 35) 
******************** 

45 OLFR: 253 LRNSEVKNTLKRVLGVERAL 272 (SEQ ID NO. 36) 

Where * indicates identity 



TABLE 10 

NOV2 : 1 MGDNITSIREFLLLGFPVGPRIQMLLFGLFSLFYVFXXXXXXXXXXXXXXDSRLHAPMYF 6 0 

************************************ ********** 

OLFR: 1 M3DNI TS IREFLL.LGFPVGPRIQMLLFGLFSLFYVFTLLGNGTI LGL.I SLDSRLHAPMYF 60 



18 



10 
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OLFR : lS1 ^7 3 _ T6ii „ mmro _ H S, = »° 

OLFR : 241 FSHLCVIGLVYGTAI IMYVGPF-YGNP 
NO V2: 30! KRVliGVERAL 310 (SEQ ID NO 4) 

^. + ++ + + + 



20 



25 



30 



35 



40 



OLFR: 301 ^VLG^rII 310 (SEQ ID NO 38) 

Where * indicates identity 

XABLEJI T u pj,KPISFAGRMMQTFLFSTFAVTECLi 112 

GPCR: 14 ALQTTTNYLIV THLV LLLPLPFCRPQ 1™ 

GPC r': 132 -CIIANPAF 

ss: s 2 . s IS S S: r.i 

TheORfam.ly<>fll« GPCRsu,,er ' am y ^w-Dtide antibodies and other 

i Thprefore the N0V2 nucleic acid, polypeptide, 
si6 „a, transduction cascade Uercforc ^ , issue . 

healing. 
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NOV3 

A NOV3 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOV3 nucleic acid and its encoded polypeptide includes the 
5 sequences shown in Table 12. The disclosed nucleic acid (SEQ ID NO:5) is 1,090 nucleotides in 
length and contains an open reading frame (ORF) that begins with an ATG initiation codon at 
nucleotides 15-17 and ends with a TAA stop codon at nucleotides 1,061-1,063. The 
representative ORF encodes a 314 amino acid polypeptide (SEQ ID NO:6). Putative untranslated 
regions upstream and downstream of the coding sequence are underlined in SEQ ID NO: 5. 

10 

TABLE 12. 

AAGAAGTTCTTCAG ATGCGAGGTTTCAACAAAACCACTGTGGTTACACAGTTCATCC 
TGGTGGGTTTCTCCAGCCTGGGGGAGCTCCAGCTGCTGCTTTTTGTCATCTTTCTTCT 

1 5 CCTATACTTGACAATCCTGGTGGCCAATGTGACCATCATGGCCGTTATTCGCTTCAG 
CTGGACTCTCCACACTCCCATGTATGGCTTTCTATTCATCCTTTCATTTTCTGAGTCCT 
GCTACACTTTTGTCATCATCCCTCAGCTGCTGGTCCACCTGCTCTCAGACACCAAGA 
CCATCTCCTTCATGGCCTGTGCCACCCAGCTGTTCTTTTTCCTTGGCTTTGCTTGCACC 
AACTGCCTCCTCATTGCTGTGATGGGATATGATCGCTATGTAGCAATTTGTCACCCTC 

20 TGAGGTACACACTCATCATAAACAAAAGGCTGGGGTTGGAGTTGATTTCTCTCTCAG 
GAGCCACAGGTTTCTTTATTGCTTTGGTGGCCACCAACCTCATTTGTGACATGCGTTT 
TTGTGGCCCCAACAGGGTTAACCACTATTTCTGTGACATGGCACCTGTTATCAAGTT 
AGCCTGCACTGACACCCATGTGAAAGAGCTGGCTTTATTTAGCCTCAGCATCCTGGT 
AATTATGGTGCCTTTTCTGTTAATTCTCATATCCTATGGCTTCATAGTTAACACCATC 

25 CTGAAGATCCCCTCAGCTGAGGGCAAGAAGGCCTTTGTCACCTGTGCCTCACATCTC 
ACTGTGGTCTTTGTCCACTATGGCTGTGCCTCTATCATCTATCTGCGGCCCAAGTCCA 
AGTCTGCCTCAGACAAGGATCAGTTGGTGGCAGTGACCTACACAGTGGTTACTCCCT 
TACTTAATCCTCTTGTCTACAGTCTGAGGAACAAAGAGGTAAAAACTGCATTGAAAA 
GAGTTCTTGGAATGCCTGTGGCAACCAAGATGAGCTAACAAAAAATAATAATAAAA 

30 TTAACTAGGATAGTCACAGAAGAAATCAAAGGCATAAAATTTTCTGACCTTTAATGC 
ATGTCTCAGACAGTGTTTCCAAGGATTAA GACTACTCTTGCCT1TTTATTTTCTCC 
(SEQ ID NO.: 5) 
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MPVATKMS (SBQ ID NO.: 6) 

involved in the initial steps of Ihc olfactory s,g ^ ^ ^ axd 

to detect nasal epithelial neuronal tissue. A NOV3 

chromosome 1 . homo , ogy (99 o /o identi ty) with a 

T , xinvi nucleic acid sequence has a hign aeyc 

The NOV3 nucleic m wrHR n (GenBank Accession 

NO.-.AU21986). as is shown ,n Tab.e U. Also, 

) ,he mammalian OR fanuly rang convent i„„ to belong to the same 

t0 each other a, the amino acid level are considered by con ^ 
snbfamilySeeZ^—.T*^^ 

protems have seven —bran. a-helices separated carbMV .,erminus. 

;5 MU1 „P, seouence ah B men, s„ 88 e ^ ^ ^ ^ 
second and sixth transmembrane domatns. NOV 
reg ,on, and is sin* in that re g ion to a representattvc OPCR, , 8 - 
Accession No .: P20288) as is shown in Table 15. 



^0 IABLE-L* ^ h nttacacagttcatcctgg 60 

CKRi: 145895 aagaagttcttcagatgcgaggtt 
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NOV3 : 
CHR1 : 



61 



145835 



tggatttctccagcctgagggagctccagctgctactttt tgtcatctttcttctcctat 

1 1 ! ' l : ! I ■ i I I 1 1 I I 1 7 i I : I I I I I l I 1 1 I ■ IMMIilllllllMIMIIMII 

tggg 1 1 1 ctccagcctgggggagctccagctgctgc t LL L 



120 



145776 



10 



NOV3 : 121 acttgacaatcctggtggccaatgtgaccatcatggccgttattcgcttcagctggactc 

1 1 I M I I I 1 1 1 1 1 1 1 1 1 1 1 1 I I 1 1 I 1 1 1 1 1 1 1 1 ! I I I I I I U 1 1 1 1 I I I II I I 1 1 I 1 1 1 I 

CHR1 : 145775 ac t t gacaat cc t gg tggccaa t g t gacca t ca t ggccg t t a t t cgct t cage tgga c t c 



180 



145716 



15 



TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT TTTT " T t nil 1 1 T i TT i TTTT 1 1 

CHRl : 145715 tccacactcccatgcatggctttctattcatcct t teat t ttctgagt cctgctacactt 145656 



20 



NOV 3 : 
CHRl : 



241 



145655 



ttgtca 

1 1 I II I I I I I I II I 1 1 1 I I I I II I I I I 1 1 1 1 1 II I II I 1 I ! 1 1 1 1 1 1 I I I I I I I I I III 

t tg tea tcatccct cage tgc tggtccacctgctctcagacaccaagacca tct cct tea 



300 



145596 



25 



NOV3 ; 301 tggee tg tgeca cccagc tg t t ct t t t t cct tggc t t tgc t t gcacca a c t gec t cc t ca 

IIIMIIMMIIIIIIIMIIIIIIIMIIIIIIIIIIIMIIIIMIIIIIMIIIII 

CHRl : 145595 tggee tg t gccacccagc t g t tct t t t t cct t ggct t tgc t t gca ccaa c cgee t cc t ca 



360 



145536 



30 



NOV 3 : 
CHRl : 



361 



145535 



ttgctgtgatgggatatgat cgcta tgtagcaa tt t gtcaccctc tgagg tacacactca 

I I ' : I' ! I ! I I U M I ! I M ' ! | | | t I ! M M : I u I I I I I I , I I I I I I I I I I 

ttgctgtgatgggatatgat cgcta tgtagcaat t tgtcaccctctgagg tacacactca 



420 



145476 



35 



NOV 3 : 
CHRl : 



421 tcataaacaaaaggctggggttggagt tgattt ctctctcaggggccacaggt t tct tta 4 80 

I I I I I ! I I I I I I I I I I I I I M I I I I I I I I I ;!! 1 I M M 1 1 I I I I I I I I I I I I I I 

14 54 7 5 tcataaacaaaaggctggggttggagt tgattt ct ct ctcaggagccacaggt ttct tta 14 5416 



40 



NOV 3 : 
CHRl : 



481 ttgctttggtggccaccaacctcat t tgtgacatgcgtt t t tgtggccccaacagggtta 54 0 

1 1 1 1 I I I 1 M 1 1 1 1 1 1 I I - I ! i M I I 1 1 I 1 1 I 1 I t I I ! ' ! 1 1 1 1 1 1 I ! I M I < : 1 1 1 1 

14 54 15 ttget ttggtggccaccaacct cat t tgtgacatgcgtt 1 1 tgtggccccaacagggtta 14 5 3 56 



45 



NOV 3 : 
CHRl : 



541 



145355 



acc acta 1 1 tctgtgaca tggcacctgt tat caagt tagcctgcactgacacccatgtga 

II Ml I I illllllll I III IIIMMIIIII I IIIIMI MINI! I II I M, Mil 

accact a tttctgtgacatggcacctgt tat caagt tagcctgcactgacacccatgtga 



600 



145296 



50 



NOV3 : 6C1 aagagctggct 1 t at t tagee tcagca t cctggtaa ttatggtgcct 1 1 tctgttaat tc 660 

IIIIIIIIIIIIIMIIIMIIIMIIIIIIMIMMIIIMIIIIIIIIIMMMII 

CHRl: 145295 aagagctggct t tact tagect cagcatcctggtaat tatggtgccttt t ctgt taattc 145236 



55 



NOV3 : 661 tcatatcctatggcttcatagtcaacaccatcctgaagat cccctcagctgagggcaaga 720 
I I I I I I I I I I I I I I I I I I I I I I ' I | i | | I I I I I M I I I I I I I I M I I I I M I I I 

CHRl: 145235 tea tat cctatggct tea tagt taacaccatcctgaagat cccctcagctgagggcaaga 145176 



60 



NOV3 • 721 aggect t tgtcacc tgtgcc t cacat c t cactg tggt ct t tgtccact atgactgtgcct 780 

IIIIIMIIIIIillllllilMIIIIMMMIillMIMIIItllMI IMIIIM 



CHRl 



145175 



145116 



781 eta tea tct at ctgcggcccaagtc caagt ct acc tcagacaaggatcagt tggtggcag 

III II i I I I I I I I I I II I I I i I I I I I 1 I I I I I I I I ! I I I I i i I I I I I M M I I I I M I 1 1 

14 5115 ctat ca t ct at ctgcggcccaagtc caagt ctgeet cagacaagga tcag 1 1 ggt ggcag 



840 



145056 
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tctacagtctgaggaacaaag 300 

CHRl: 145055 tgacct acacagtggt tactccctt 

j . -.nci^fnr 

10 CHRl: 

Jt taactaggatagtcacagaag= 



mi mil I iii ill hi i! mi ;;;; ^;; g ; gg 

: 144 995 aggtaaaaactgcattgaaaagagttctcgga a 

taataataaaattaactaggatagtcacagaa^ x 

15 CHRl: 144935 aaaaaaUa t aa t aaaa 

mV1 - 10.1 «t« e = C =c 1»>» » ID "°- ! ' 
TABLE 14 



NOV3 : 
30 OLFR: 



40 „„„ 3 . 180 o^vi^c.^K E ^^i- ir ^i«- !; r:-:!=^r^ 239 

40 NOV3. ^ + * + + * + ^ SYAFIVMIUC IPSABQS»KAF 239 

18 0 HVPPLLKLACGNNVPAVALGVGLVCIMAl.bGCFLI.ILLSYAF 

^,r,^TT.MDT.VYSLRHKEVK 2 99 



45 



180 HVPPLLKIACGHNVFAVAi*.. — 

:::: ,„ s -;^™«— ^ 



NOV3: 300 TAL.KR 304 (SEQ ID NO. 43) 
Sft OLFR- 300 VAJ^KR 304 (SEQ ID NO. 44) 

Xre * indicates identity and + indicates sinulanty 



S3; 7=^^ " 



TABLEJ5 

NOV3 : 

55 

23 



W O 01/51632 



PCT/US01/015I3 



NOV3 : 103 FFFLGFACTNCLLIAVMGYDRYVAICKPLRYTLI IN-KRLGLELISLSGATGFFIALVAT 161 
GPCR ; 62 TLDVMMCTASILNLCAI S IDRYTAVAMPMLYNTRYS SKRRVTVMIAI VWVLSFTI SCPML 121 

NOV3 : 162 NLICDMRFCGPNRVNHYFCDMAPVI KLACTDTHVKELALFSLS ILVIMVPFLLI LISYGF 221 
5 GPCR: 122 FGLNNTDQNEC 1 1 AKPAFWYSS I VSFYVPFIVTLLVYIK 161 

NOV3 : 222 IVNTILKI 229 (SEQ ID NO. 45) 
GPCR: 162 IYIVLRRR 169 (SEQ ID NO. 46) 

10 The OR family of the GPCR superfamily is a group of related proteins specifically 

located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, in one 
embodiment, the NOV3 nucleic acid, polypeptide, antibodies and other compositions of the 
present invention can be used to detect nasal epithelial neuronal tissue. 

1 5 Based on its relatedness to the known members of the OR family of the GPCR 

superfamily, NOV3 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 
compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 

20 diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and wound healing. 

NOV4 

A NOV4 sequence according to the invention is a nucleic acid sequence encoding a 
25 polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. The NOV3 nucleic acid sequence (SEQ ID NO.: 5) was further 
analyzed by exon linking and the resulting sequence was identified as NOV4. A NOV4 nucleic 
acid and its encoded polypeptide includes the sequences shown in Table 16. The disclosed 
nucleic acid (SEQ ID NO:7) is 1 ,090 nucleotides in length and contains an open reading frame 
30 (ORF) that begins with an ATG initiation codon at nucleotides 15-17 and ends with a TAA stop 
codon at nucleotides 1,061-1,063. The representative ORF encodes a 314 amino acid 
polypeptide (SEQ ID NO:8). Putative untranslated regions upstream and downstream of the 
coding sequence are underlined in SEQ ID NO: 7. 
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locaK d a, the ciliated surface of olfactory ^ ^ ^cordingly, - NOV* 
imolV ed -n the initial steps of the olfactory s, g nal — ^ ^ be used 

to de.ee, nasa. epi,«a. neuronal ttssue. A NOV4 

chromosome 1 . of homology (99% identity) with a 

Tne N OV4 nucleic aeid sendee as a h, 6 h e t ee ^ 

N OV3 polypeptide has 1— (approbate!, 53 .« r ^ ^ 

factory receptor ,011 (OLTO (0-*- Accession No. ). 
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Overall amino acid sequence identity within the mammalian OR family ranges from 45% to 
>80%. OR genes that are 80% or more identical to each other at the amino acid level are 
considered by convention to belong to the same subfamily. See Dryer and Derghard, Trends in 
Pharmacological Sciences , 1999, 20:413. OR proteins have seven transmembrane a-helices 
5 separated by three extracellular and three cytoplasmic loops, with an extracellular amino- 
terminus and a cytoplasmic carboxy-terminus. Multiple sequence aligment suggests that the 
ligand-binding domain of the ORs is between the second and sixth transmembrane domains. 
NOV4 is predicted to have a seven transmembrane region, and is similar in that region to a 
representative GPCR, e.g dopamine (GPCR) (GenBank Accession No.: P20288) as is shown in 
10 Table 20. 

TABLE 17 

NOV4 : 1 aagaagttct teagatgegaggtt tcaacaaaaccactgtggt tacacagttcat cctgg 60 



15 




20 




25 




30 



NOV4 : 181 




CHR1: 145715 




tctgagtcctgctacactt 145656 



35 




40 




45 




50 
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15 



NOV4 
CHR1 : 

NOV4 : 
CHR1 



481 
145415 



^.tttqtggccccaacagggtta 540 

tlgctttggtggccaccaacctcatttg 

^ . t nn 



541 
145355 



20 



25 



NOV4 
CHR1 : 

NOV4 : 
CHR1 : 

NOV4 : 
CHR1 : 



601 

145295 



ttagcctgcactgacacccatgtga 

iccactatttctgtgacatggcacctg 

aC a t cc tgg taa tt atg g tgccttt,ctgttaattc 
aa ^gc t g g cttta,«agcc,ca ^ J ( ( , , , , , | 1111111 

ninni » i LllliUtcct gg t..tt.t ggt gcct 



600 
145296 



661 

145235 
721 

145175 



30 



35 



NOV 4 : 
CHR1: 

NOV4 : 
CHR1 : 



761 

145H5 
841 

145055 



40 



45 



50 



NOV4 : 
CHR1 ■■ 

NOV4 
CHR1 : 

NOV 4 : 
CHR1 : 



qc a t cc tggt aa tt a t g g tgcc^t,c^»actc 660 

aag agc t g g cttta,«agcc,ca ^ ^ , , | HI Ml I I ^ 

1 t | II I | I 1 I I 1 I > ' ' ' * 1 Irltcctggtaattatggtgcct" 
Ileig^ggcttta.ctagcccagcatcctgg 

a i-rrcctcagctgagggcaaga 720 

[^aic^tUtcatagttaacaccatcctg 

IUUlUUii!:«Uicc t «c. t c t c«: tgt ««C t « 

^tctgccccagacaaggatcagttggtggcag 840 

tgacctacacagtggctaccc 

.caaccaagatgagctaac 960 

'giggle M «« 



901 

144995 



aggtaa 
aggtaa 



L acacagtgg^' 

^aaactgcattgaaaagagttcttgg 



961 

144935 

1021 
144875 



55 



60 



NOV4 : 
CHR1 : 

NOV 4 : 
NOV 3 
NOV4 



1081 
144815 



a 9y ^ a 

ffl! in n m nn n" ' nm> n "!» ilUUUUii 11 
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i I I I I I I I M I i I I I I M I I i I I I I I ! I I I ! I I I I I I I I M I I I I I M I I I M II I I I I 

NOV3 : 61 TGGGTTTCTCCAGCCTGGGGGAGCTCCAGCTGCTGCTTTTTGTCATCTTTCTTCTCCTAT 120 

NOV4 - 121 ACTTGACAATCCTGGTGGCCAATGTGACCATCATGGCCGTTATTCGCTTCAGCTGGACTC 18 0 

I I II I M II I M I II I I M I I I I II I M I I ! I I I M M M II I I I i I M M II I I II II I 

NOV3 : 121 ACTTGACAATCCTGGTGGCCAATGTGACCATCATGGCCGTTATTCGCTTCAGCTGGACTC 180 
NOV4 : 181 TCCACACTCCCATGTATGGCTTTCTATTCATCCTTTCATTTTCTGAGTCCTGCTACACTT 24 0 

t F t ! I I ! I E I I 1 I I I I I i I t t I I I 1 t 1 t I ! I I f f i I 1 M I i I I I t i ! I r f 1 I 1 I f I I ! E 1 

NOV3 : 181 TCCACACTCCCATGTATGGCTTTCTATTCATCCTTTCATTTTCTGAGTCCTGCTACACTT 2 40 
NOV4 - 241 TTGTCATCATCCCTCAGCTGCTGGTCCACCTGCTCTCAGACACCAAGACCATCTCCCTCA 3 00 

I I M I 1 1 1 I I I i I I I f i I t I ! 1 1 1 1 1 1 I t i I 1 1 M ! I f I E I i I I I 1 1 I i I ) 1 1 [ I I III 

NOV3 : 241 TTGTCATCATCCCTCAGCTGCTGGTCCACCTGCTCTCAGACACCAAGACCATCTCCTTCA 300 
NOV4 - 301 TGGCCTGTGCCACCCAGCTGTTCTTTTTCCTTGGCTTTGCTTGCACCAACTGCCTCCTCA 360 

MIIMMIIIIIMMMIIIIMMIIIIIIIIIIMIIIIIIMIIIMIIMIMI 

NOV3 : 301 TGGCCTGTGCCACCCAGCTGTTCTTTTTCCTTGGCTTTGCTTGCACCAACTGCCTCCTCA 360 
NOV4 : 3 61 TTGCTGTGATGGGATATGATCGCTATGTAGCAATTTGTCACCCTCTGAGGTACACACTCA 4 20 

MIIMIIIMIIIIIMIIMIIIIMMIIMIMIIMIIIIIIIIMIMIIIMI 

NOV3 : 361 TTGCTGTGATGGGATATGATCGCTATGTAGCAATTTGTCACCCTCTGAGGTACACACTCA 4 20 
NOV4 : 421 T C AT AAAC AAAAGG C T GGGG TTGG AG TTGATTTCTCTCTCAGGGGCC AC AGGTTTCTTT A 4 80 

s I I I ; I I II I ! I I" I I I II I I M ! | | | | | | ; | | | | | | M IIIIIIIIIIIIMII 

NOV3 ; 4 21 TCATAAACAAAAGGCTGGGGTTGGAGTTGATTTCTCTCTCAGGAGCCACAGGTTTCTTTA 4 80 
NOV4 : 431 TTGCTTTGGTGGCCACCAACCTCATTTGTGACATGCGTTTTTGTGGCCCCAACAGGGTTA 540 

! I ! I I [ 1 1 I [ I ( I I I ! I I I f I I M I I 1 1 I I ! M t I I t M f t I I I 1 I I I ! I I f I i M i t I I 

NOV3 : 481 TTGCTTTGGTGGCCACCAACCTCATTTGTGACATGCGTTTTTGTGGCCCCAACAGGGTTA 540 
NOV4 - 541 ACCACTATTTCTGTGACATGGCACCTGTTATCAAGTTAGCCTGCACTGACACCCATGTGA 6 00 

I I I M i I I i I I I ! I I : I I I I I I I I ! i I I I I I i I I I M I I I I I I I I i I I I 1 I M I 

NOV3 : 541 ACCACTATTTCTGTGACATGGCACCTGTTATCAAGTTAGCCTGCACTGACACCCATGTGA 6 00 
NOV4 : 6 01 AAGAGCTGGCTTTATTTAGCCTCAGCATCCTGGTAATTATGGTGCCTTTTCTGTTAATTC 6 60 

MMMMIMMIMMIMMMIMMMMMMMMilMMMMIMIMM 

NOV3 : 6 01 AAGAGCTGGCTTTATTTAGCCTCAGCATCCTGGTAATTATGGTGCCTTTTCTGTTAATTC 6 60 
N0V4 : 661 TCATATCCTATGGCTTCATAGTCAACACCATCCTGAAGATCCCCTCAGCTGAGGGCAAGA 7 20 

M I I I 1 1 1 I M I I I M I M I I t I I I I II I I M II I I I I I I I I I II I I I I I I I I I I I I I I 

N0V3 : 661 TCATATCCTATGGCTTCATAGTTAACACCATCCTGAAGATCCCCTCAGCTGAGGGCAAGA 7 20 
NOV4 ■ 721 AGGCCTTTGTCACCTGTGCCTCACATCTCACTGTGGTCTTTGTCCACTATGACTGTGCCT 7 80 

IIIIIIIIIIIMIIIIIIMIIIMIMIIIIIMIIIIIMIIIIIIII I IMUI 

NOV3 : 7 21 AGGCCTTTGTCACCTGTGCCTCACATCTCACTGTGGTCTTTGTCCACTATGGCTGTGCCT 7 80 
N0V4 : 781 CTATCATCTATCTGCGGCCCAAGTCCAAGTCTGCCTCAGACAAGGATCAGTTGGTGGCAG 84 0 

MIMMMMMMIIMMMMMMMIMMMMIIIIMMIMMMIMM 

NOV3 : 781 CT ATC ATCTAT C TGCGG CCC AAG TCCAAGTCTGCCTCAGACAAGG AT CAG TTGG TGGC AG 84 0 
N0V4 : 841 TGACCTACGCAGTGGTTACTCCCTTACTTAATCCTCTTGTCTACAGTCTGAGGAACAAAG 9 00 

MINIM MIIIMIMIMIIIIIMIIMIilllMIIMIMIMIMIIMIII 

NOV3 : 841 TGACCTACACAGTGGTTACTCCCTTACTTAATCCTCTTGTCTACAGTCTGAGGAACAAAG 90 0 
NOV4 : 901 AGGTAAAAACTGCATTGAAAAGAGTTCTTGGAATGCCTGTGGCAACCAAGATGAGCTAAC 96 0 

II II 1 1 II I II I I I II M I M I I I M II I II I I II M I I M II I II M I M M I II II M 

NOV3 : 901 AGGTAAAAACTGCATTGAAAAGAGTTCTTGGAATGCCTGTGGCAACCAAGATGAGCTAAC 96 0 
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(SEQ id no. 50) indicates similarity. 

Where * indicates identity ana 
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NOV4 

GPCR . 
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The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV4 
nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
5 to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOV4 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 
10 compositions of the present invention are useful in treating and/or diagnosing a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and wound healing. 



NOV5 

15 A NOV5 sequence according to the invention is a nucleic acid sequence encoding a 

polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOV5 nucleic acid and its encoded polypeptide includes the 
sequences shown in Table 21. The disclosed nucleic acid (SEQ ID NO:9) is 822 nucleotides in 
length and contains an open reading frame (ORF) that begins at nucleotide 6 and ends with a 

20 TGA stop codon at nucleotides 800-802. In addition, C indicates 'G ! to 4 C substitutions in the 
sequence to correct stop codons. A representative ORF encodes a 265 amino acid polypeptide 
(SEQ ID NO:10). A putative untranslated region downstream of the coding sequence is 
underlined in SEQ ID NO: 9. 



25 TABLE 21 

CACACCCCCATGTGCTTCTTCCTCTCCAAACTGTGCTCAGCTGACATCGGTTTCACCT 
TGGCCATGGTTCCCAAGATGATTGTGAACATGCAGTCGCATAGCAGAGTCATCTCTT 
ATGAGGGCTGCCTGACACGGATGTCTTTCTTTGTCCTTTTTGCATGTATGGAAGACAT 
GCTCCTGACTGTGATGGCCTATGACTGCTTTGTAGCCATCTGTCGCCCTCTGCACTAC 

30 CCAGTCATCGTGAATCCTCACCTCTGTGTCTTC1 TCGTCTTGGTGTCCTriTTTCCTTAG 
CCCGTTGGATTCCCAGCTGCACAGTTGGATTGTGTTACTATTCACCATCATCAAGAA 
TGTGGAAATCACTAATTTTGTCTGTGAACCCTCTCAACTTCTCAACCTTGCTTGTTCT 
GACAGCGTCATCAATAACATATTCATATATTTCGATAGTACTATGTTTGGTTTTCTTC 
CCATTTCAGGGATCCTTTTGTCTTACTATAAAATTGTCCCCTCCATTCTAAGGATGTC 

35 ATCGTCAGATGGG.^AGTATAAAGGCTTCTCCACCTGTGGCTCTTACCTGGCAGTTGT 
TTGCTCATTTGATGGAACAGGCATTGGCATGTACCTGACTTCAGCTGTGTCACCACC 
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The NOV5 nucleic add sequen ^ Accession 
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NOV5 
OLFR; 
NOV5 : 
OLFR ; 
NOV5 : 
OLFR : 
NOV5 : 
OLFR: 
NOV5 : 
OLFR ; 
NOV5 : 
OLFR: 
NOV5 : 
OLFR 
NOV5 
OLFR : 
NOV5 : 
OLFR: 
N0V5 : 
OLFR ; 
NOV5 : 
OLFR : 
NOV5 : 
OLFR ; 
NOV 5 ; 
OLFR; 



: 61 
196 
121 
256 
181 
316 
241 
376 
301 
436 
361 
496 
421 
: 556 
481 
616 
541 
676 
601 
736 
661 
796 
721 
856 
781 
916 



PCT/MSOI/OJ 5) 3 

ACT ?TGflTGGCCTATGAc ATAGAAGACATGCTCCTG 



exTTGTAGCCATCTG TCG CC C T C T G pi . " " " " 1 " ' 

AACATATTCATATATTTCGAT,. AGCGTCATCAAT 
TTGTCTTACTATAAAATTGTCCCCT ggttttcttcccatttcagggatcctt 

GTGATGTACGCTrriil ' ' " " ' M I I | | | I | I I | U M CTAGGA AAGAGG 

* TGTGGTCACCCCCATGCTG^ " ' ' " ' 

GATATACAAAGTGTCCTGCGGflr- ^AGAAACAGG 

"""""II ^^|^??^???r? TG ? AGCAG ^ CAGTCGA ATCTCATGAT2 

GACATA ~-~ 

TTrnTTT (SE ° ID »■ »» ^-AGTCGAATCTCATGATCTGTTC 



120 
255 
180 
315 
' 240 
375 
300 
435 
360 
4 95 
420 
555 
480 
615 
540 
675 
600 
735 
660 
795 
720 
855 
780 
915 
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Tnq0l u SW IVl J LFTIIKNVElTNF 3 6b 



1B1 FSTCGSHLAWCLFVGTGLVGVLSSA 

Where* indicates identity and + m 
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(GPCR) superfamily of proteins. A NOV6 nucleic acid and its encoded polypeptide includes the 
sequences shown in Table 25. The disclosed nucleic acid (SEQ ID NO:l 1) is 930 nucleotides in 
length and contains an open reading frame (ORF) that begins with an ATG initiation codon at 
nucleotides 22-24 and ends with a TAA stop codon at nucleotides 907-909 In addition, C 
5 indicates 'G' to 'C substitutions in the sequence to correct stop codons. The representative ORF 
encodes a 294 amino acid polypeptide (SEQ ID NO: 12). Putative untranslated regions up- and 
downstream of the coding sequence are underlined in SEQ ID NO: 1 1 . 

10 TABLE 25. 

TTGCTGTCCCTGTCCCTGTCC ATGTATATGGTCACGGTGCTGAGGAACCTGCT 
CAGCATCCTGGCTGTCAGCTCTGACTCCCCGCTCCACACCCCCATGTGCTTCT 
TCCTCTCCAAACTGTGCTCAGCTGACATCGGTTTCACCTTGGCCATGGTTCCC 

1 5 AAGATGATTGTGAACATGCAGTCGCATAGCAGAGTCATCTCTTATGAGGGCT 
GCCTGACACGGATGTCTTTCTTTGTCCTTTTTGCATGTATGGAAGACATGCTC 
CTGACTGTGATGGCCTATGACTGCTTTGTAGCCATCTGTCGCCCTCTGCACTA 
CCCAGTCATCGTGAATCCTCACCTCTGTGTCTTCTTCGTCTTGGTGTCCTTTTT 
CCTTAGCCCGTTGGATTCCCAGCTGCACAGTTGGATTGTGTTACTATTCACCA 

20 TCATCAAGAATGTGGAAATCACTAATTTTGTCTGTGAACCCTCTCAACTTCTC 
AACCTTGCTTGTTCTGACAGCG TCATCAA 1 AACATATTCATATATTTCGATAG 
TACTATGTTTGGTTTTCTTCCCATTTCAGGGATCCTTTTGTCTTACTATAAAAT 
TGTCCCCTCCATTCTAAGGAIG 1 CATCG TCAGATGGGAAGTATAAAGGCTTCT 
CCACCTGTGGCTCTTACCTGGCAGTTGTTTGCTCATTTGATGGAACAGGCATT 

25 GGCATGTACC'IGACTTCAGCTGTGTCACCACCCCCCAGGAATGGTGTGGTGG 
CGTCAGTGATGTATGCTGTGGTCACCCCCATGCTGAACCTTTTCATACTCAGC 
CTGGGAAAGAGGGATATACAAAGTGTCCTGCGGAGGCTGTGCAGCAGAACA 
GTCGAATCTCATGATATGTTCCATCCTTTTTCTTGTGTGGGTGAGAAAGGGCA 
ACCACATTAA ATCTCTACATCTGTAAATCCT (SEQ ID NO.: 1 1) 

30 

MYMVTVLRNLLSILAVSSDSPLHTPMCFFLSKLCSAD1GFTLAMVPKMI\^NMQSHSRVIS 
YEGCLTRMSFFVLFACMEDMLLTVMAYDCFVAICRPLHYPVIVNPHLCVFFVLVSFFLS 
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_ -j^t| Arso sVlNNlFlYFDSTMFGFLPISGlLL 

SVVK.VPS.LRMSSSDGKVKOFS™ pFscvGEKGQpH ^ Q „ 

YAVVTPMLNLF1LSLGKRWQSVLRR1.CSRTVESH 

NO : ' 2) , , fte GPCR S up=r f am.l,,s a group of , e la.=a protein, speafie* 

The OR family of the GPCK sup epithelium and are 

^attheOi—aceofoifaCory sensory '"^^J*****-**™* 

nucU* a* polypep-*, an«.bod,es and Cher composes 

t0 detect nasal eptthelial neuronal ussue. ^ a 

human g e„om,c done co,« an OR ^ ^ (approximalely 

No , AF 065864), as is shown m Tab! ^ ^ 

67% identity, 79% similarity) to a human olfactory P ^ ^ ^ a 

• u ^ in Table 27. As shown in Table z», 
No.:043789), as is shown m Table DoW peptide. Overall amino add 

seduce identity within the mammahan OR toft ^ ^ „ 

a^ormore.denhc— 

helon, to the same subfam.ly. S« L . » ^ ^ ^ 

1999 , 2 0:4,3. Ihus. NOV5 andNOV6 belon ^ ^ and 

OR protems have seven transmembrane «-he. c*> ^ 

terminus. 

Multiple sequence .u^..^ oo ; c nrM , lCt ed to have a seven 

transmembrane region, and is simi . -„ 

• Nn • P20288) as is shown in Table ^. 
25 (GPCR) (GenBank Accession No.. P2028S) 



20 



TABLE26 ^tactcagcatcctggctgtc 69 

30 OLFR: 5B ctgtccctgtc 

35 oLFR : H8 agctctgacccccacctccaca 
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- - ^HES«^ ... 

tcccagctgcacagttggattgtgttacaat/i """"II 

a^acaattcaccatcatc 477 

NOV6: 43n ^- 4/7 
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m M M a " gatCCttt t9tcttach t- 

NOV6: 790 ^, 
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B75 (SEQ ID N0, 

5 OLFR: 898 gaatctcatgatctgttcc 



TABLE 

NOV6 : 



1° 0L '" „™™i.CVPfVLVSPfLSPl.I>SQI.«S» IV i I '™ I f,.,.,.. 

Where * indicates identity ana 

TABLE28 „_ (-LTRMS FFVLFACMEDMLt-TV 84 

- -■ » •:. 

N OVS: 1 PMCFFLSKLCSADIGFTIjAMV ^xxXQLHSWl^FTIIKtfVEI™* ^ 

» - - =^^^ 130 

NO VS= 6X M A V D CFV A XC R P L HVPVIV N PH L CV ^^^VPSILKMSSSOGKVKG 204 

NOV5: 2 *X QSVLRRLCSRTVESHDMFHPFSCVG ,SS 

50 Where * indicates identity. 
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TABLE 29 

NOV6 : 9 NLLSII^VSSDSPLHTPMCFFLSKLCSADIGFTLA^/PKMIV>mQSHSRVISYEGCLTRM 68 

5 GPCR : 2 NVLVCMAVSREKALQTTTNYLIVSLAVADLLVATLVMPWVVYLEVVGEWKFSRIHCDIFV 61 

NOV6 : 69 SFFVLFACMEDMLLTVMAYDCFVAICRPLHYPVIVNPHLCVFFVLVSFFLSPLDSQLHSW 128 

GPCR : 62 TLDVMMCTASILNLCAISIDRYTAVAMPMLTOTRYSSKRRV TVM 105 

10 NOV6 : 129 IVLLFTI IKNVEITNFVCEPSQLLNLACSDSVINNI FIYFDSTMFGFLPISGILLSYYKI 188 

GPCR : 106 IAIVWVLSFTISCPMLFG LNNTDQNECI I ANPAFWYSSI VSFYVPFI VTLLVYI KI 162 



15 



NOV6: 189 VPSILRMSSS 198 (SEQ ID NO. 65) 
GPCR: 16 3 YIVLRRRRKR 172 (SEQ ID NO. 66) 



The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV6 

20 nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOV6 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated with alterations in the expression of 

25 members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 

compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and wound healing. 

30 NOV7 

A NOV7 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOV7 nucleic acid and its encoded polypeptide includes the 
sequences shown in Table 30. The disclosed nucleic acid (SFQ ID NO: 13) is 930 nucleotides in 
35 length and contains an open reading frame (ORF) that begins with an ACG initiation codon at 
nucleotides 10-12 and ends with a TGA stop codon ai nucleotides 882-884. In addition, C 
indicates l G' to 'C 1 substitutions in the sequence to correct stop codons. The representative ORF 
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. , (SE0 1DN0 :.2). PuWive un.ransla.ed regions up- - 
encodes . 309 am.no acid polype** ^ '™ J ,„ m a 
^sueam of .he coding sequence are unde.Lned m SEQ 
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25 



30 



35 



2^S^c (SEQ ID NO, 13) vTVLRNLLSlPAVSSDSHLHTPT 

1£rSR<SEQ1DNO.: 14) 

The OR family of .he GPCR sup ^ „, m 

to ,ed a, *. cil.a.ed surface of olfac,or, sensor ^ ™ ^ ^ ^ ^ 

polyp ep.id=,an,iW,esandother composes of d,ep 

nasal epithelial neuronal .issue. ^ (94% ideri<ity) wi.h *e 

^ N OV7 nucleic and sequence has tag g ^ 

68% identity, 78% similarity; 
No..043789) ! asisshowninTable32. 
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Overall amino acid sequence identity within the mammalian OR family ranges from 45% 
to >80%. OR genes that are 80% or more identical to each other at the amino acid level are 
considered by convention to belong to the same subfamily. See Dryer and Berghard, Trends in 
Pharmacological Sciences , 1999, 20:413. OR proteins have seven transmembrane a-helices 
separated by three extracellular and three cytoplasmic loops, with an extracellular amino- 
terminus and a cytoplasmic carboxy-terminus. Multiple sequence aligment suggests that the 
ligand-binding domain of the ORs is between the second and sixth transmembrane domains. 

NOV7 is predicted to have a seven transmembrane region, and is similar in that region to 
a representative GPCR, e.g. dopamine (GPCR) (GenBank Accession No.: P20288) as is shown 
in Table 33. 
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TABLE 31. 



NOV7 : 1 



CHR11: 126702 



cacagagccacggaat ct cacaggtgtct cagaattcc t cct cctgggac t ct cagagga 6 0 

I I I E I 1 I 1 t I I I I 1 1! I i I I 1 1 1 1 I I I I I Ml ill I 1 IIIIM' IMIIII Ml MM 

cacagagccacggaat ctcacaggtgtctgagaatt cct cct cctgggac tct cagagga 12664 3 



20 



NOV7 : 61 tccagaactgcagccggtcctcgctttgctgtccctgtccctgtccatgtatctggtcac 

IMIIIIMIMI IMIIIIMIIIIIIIMIIIIIIIIIIIIII II MINIMI 

CHRll : 126642 t ccagaactgcagt cggtcctcgct t tgctgtccctgt ccctgt ccctgaat ctggtcac 



120 



126583 



25 



NOV7 : 121 agtgctgaggaacctgctcagcat cccggctgtcagct c tgact cccacct ccacacccc 130 

I I 1 1 1 1 1 I II I 1 1 II M I I 1 1 1 II I I II I I 1 1 1 I I I I 1 1 1 1 1 I II I M 1 1 IIIIM 

CHRll: 126582 gg t gc tgaggaacc t gc t cagcat cctggctgt cagct ct gac t cccccct ccacacccc 126523 



30 



NOV7 : 
CHRll 



181 caegtaett ct tcct ct cca tec tgtgctgggctgacat eggt t c cacct cggccacggt 24 0 

II Mill MMIM Ml III II MIMII IIMIMM M I I I I I I I I M I I I I 

: 126522 catgtacttcttcctctccaacctgtgctgggctgacatcggtctcacctcggccacggt 126463 



35 



NOV7 : 24 1 t cccaaoa tga t tgtgga catgcagtggt a t agcagag t catc t ct catgeggge tgee t 

MMIM Mill Mil MIMII I I I ' I I ! M . 1 1 I I t I I ; 1 1 1 I MMIM 

CHRll : 1264 62 t cccaagg tga t t c tggatatgcagt cgea t agcagag tea tc t ct catgtgggc tgee t 



300 



126403 
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NOV7: 301 gacacaga tg t ct t t c t tggt cc t t t t tgea t g t at agaaggca t gc t cc t gac t gt aa t 360 

1 1 E 1 1 ! I 1 1 t E 1 1 1 I I f 1 1 I ! 1 1 M ! t I f I 1 1 1 1 I i 1 1 i 1 1 1 M M 1 1 M 1 1 I I I M II 

CHRll: 126402 gacacagat gt ct ttct tggtcctt t t tgcatg t atagaaggcatgc t cctgactgtgat 126343 



45 



NOV7 • 361 ggcctatgactgctt tgtaggcat ctatcgccct ctgcactacccag teat cgtgaatcc 

I 1 1 1 1 , l IIIIM II Mill II M M I II I M 1 1 I I M II I M MUM 

CHRll : 126342 ggee ta t ggc t gc t t tgt agecat ctgtcgccc t ctgcactacccagt cat agtgaatcc 



420 



12S283 
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NOV7; 421 



CHRll: 126292 



t cat -tctgtgtcttct t tgtt ttggtgtcctt t ttcct tagcctgttggat tcccagct 480 

Ml i" MMIM llllli NIIIMIIIIill I M i I I I I I I I I I I I I 1 I 

tcacctctgtgrcttctt 



126223 
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M0V7: 4 81 
CHR11: 126222 

NOV7 : 541 
CHRU: 126162 

NOV7: 601 
CHRU: 126102 

NOV7: 661 
CHRU: 126042 

NOV7: 721 
CHRH= 125982 

NOV7: 781 
CHRU: 125922 

NOV7: 841 
CHRU: 125862 

NOV7: 901 
CHRU: 125802 



^tatqqaaatctctaattttgt 540 
M I I I I H M I I 1 I I 4il.lililiilcitcatcaagaatgc.gga aatctctaa 



gcacagttggattgtgttacaatc ( ( j ( j , I I I I I I I H » ' ' > ' 126163 

,,.1.111111 II I II II I II I I" HI !' 'il'Ucatcatcaatagcatatt 



I I I I I 1 1 I I I I | [ ' ' ["[ Iggitttcttcccacttcagggatcccttcg 
catatatttcgatagtactatgtc .gy 

^.attctaagg.tgtcatcgtcagatgggaagtataaaact^ 720 

.3«3'99'»«t M M H H M m | | I I I I I I II I 11 1 I I I I I I I 1 1 iiiiiliiia 12MOJ 

n|l|lllllllUIIIHI |lllll,nl 125773 (SEQ ID NO . 66) 
iiglgiiitgcggaggc.gcgcagcagaac 12S773 



40 



OLFR ■ 



45 NOV7: 3 59 
OLFR: 61 



MAYDRFVA1CHPLHYRI 



. ...^ * ** + *** + ^twcptt.RVPTSDGKYK 



533 
120 
718 



5 o *° v : z 

55 OLFR: 181 

N0V?: 899 QSALRRLRSR * 2 8 (SEQ ID HO. 69) 

OLFR : 24X »° ^ ^St^U ■ 

60 Where * indicates identity and + indicates S .m 
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TABLE 33 

NOW : 44 NLLS I PAVSSDSHLHTPTYFFLS I LCWADIGFTSATVPKMIVDMQWYSRVISHAGCLTQM 103 
GPCR : 2 bT^LVCI^VSREKALQTTT^ 6 1 

5 NOV7 : 104 SFLVLFACIEGMLLTVMAYDCFVGIYRPL.HYPVIVNPH 141 (SEQ ID NO. 71) 
GPCR : S2 TLDVMMCTAS I LNL.GAI S IDRYTAVAMPMLYNTRYS SK 99 { SEQ ID NO. 72) 

The OR family of the GPCR superfarnily is a group of related proteins that are 
specifically located at the ciliated surface of olfactory sensor) 7 neurons in the nasal epithelium 

10 and are involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 
NOV7 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfarnily, NOV7 satisfies a need in the art by providing new diagnostic or therapeutic 

15 compositions useful in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 
compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and wound healing, 

20 

NOV8 

A NOV8 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfarnily of proteins. A NOV8 nucleic acid and its encoded polypeptide includes the 
25 sequences shown in Table 34. The disclosed nucleic acid (SEQ ID NO: 1 5) is 994 nucleotides in 
length and contains an open reading frame (ORF) that begins with an ATG initiation codon at 
nucleotides 27-29 and ends with a TGA stop codon at nucleotides 969-971. The representative 
ORF encodes a 3 1 4 amino acid polypeptide (SEQ ID NO: 1 6). Putative untranslated regions up- 
and downstream of the coding sequence are underlined in SEQ ID NO: 15. 
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TABLE 34. 



TGCAGCTAAAGTGCATTGTGTAAAAC ATGGGGGATGTGAATCAGTCGGTGGCCTCA 
G ACTTCATTCTGGTGGGCC I CTTCAGTCACTC AGGATC ACGCCAGCTCCTCTTCTCCC 
TGGTGGCTGTCATGTTTGTCATAGGCCTTCTGGGCAACACCGTTCTTCTCTTCTTGAT 
35 CCGTGTGGACTCCCGGCTCCATACACCCATGTACTTCCTGCTCAGCCAGCTCTCCCTG 
TTTGACATTGGCTGTCCCATGGTCACCATCCCCAAGATGGCATCAGACTTTCTGCGG 
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35 



, 0 ca,ed a, the ciliated -face of olfactory sensory neurons m* - - ^ 
poly pep.ides, -bodies, and other commons of .he present 

nasal epithelial neuronal tissue. „ m _ ximatdy 44% identity, 65% similarity) to 

The NOV8 polypeptide has homolo 6 y (approx.mately 

r -w, o <mhfamilv F, member 1 (OL1 KJ <,mvii^ 
lh e human olfactory receptor ^ ^ » ^ also ^ — («% 

N „,NP 036501), as is shown ,n Table 35. (Sv , iss Prot Accession No. 

, dentity , 6 5 % similarity) to the rat olfactor -^2^ identity within ** —an 
Q1 3607), as is shown in Table 36. Overall ammo acrd so,e „ k 1 ^ ^ ^ 

- ^ BSdiinaEDE ^^ -d three cytoplasmic loops, w„h an 

lr ansmembrane cc-h=,ices separated by three extracdl 

— ^ c Tr~r::seco:andsi»h 

transmembrane domams. NOV8 is preai 
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similar in that region to a representative GPCR, e.g. dopamine (GPCR) (GenBank Accession 
No.: P20288) as is shown in Table 37. 
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15 



20 



25 



NOV 8 : 
OLFR : 
NOV 8 : 
OLFR : 
NOV 8 : 
OLFR : 
NOV 8 : 
OLFR : 
NOV8 : 
OLFR : 
NOV8 : 
OLFR : 

Where 



TABLE 35 

1 MGDVNQS VASDFI LVGLFSHSGSRQLLFS LVAVMFV 1GLLGNTVLLFL I RVDSRLHTPMY 6 0 

** ** + *.<_***+** * +* + **+* + + *** + + + ***+********* 

1 MGTDNQTVA/SEFILLGLSSDWDTRVSLFVT^FLVMYW'TVLGNCLIVLLIRLDSRLHTPMY 60 

61 FLLSQLSLFDIGCPMVTIPKMASDFLRGEGATSYGGGAAQIFFLTLMGVAEGVLLVLMSY 12 0 
* * + *** * + + * ++ + ** * + ***+*★ +* * *** + * + * 

61 FFLTNLSLVDVSYATSVVPQLLAHFLAEHKAIPFQS CAAQLFFSLALGGIEFVLLAVMAY 12 0 

121 DRYVAVCQPLQYPVLMRRQVCLLMMGSSWVVGVLNASIQTS ITLHFPYCASRI VDHFFCE 18 0 

******* * + * + * + * + + *** * + + + + ** + ** * * ++ + ** *+ 
121 DRYVAVCDALRYSAIMHGGLCARLAITSWVSGFISSPVQTAITFQLPMCRNKFIDHISCE 180 

181 VPALLKLSCADTCAYEMALSTSGVLILMLPLSLIATSYGHVLQAVLSMRSEEARHKAVTT 24 0 

+ *+++*+* * + + * + + * + + * +* ++ *+ + + + * + + * * * ** * 
181 LLAVVRI^CVDTSSNEVTIMVSSIVLLMTPLCLVLLSYIQI ISTILKIQSREGRKKAFHT 24 0 

241 CSSHITWGLFYGAAVFMYMVPCAYHSPt^DNWSLFYSLVTPTLNPLIYSLRNPEVWMA 300 



r* + *** * +* * + * *J 



* + ** + -4. + ** ***+****** ** * 



241 CASHLTWALCYGVAIFTYIQPHSSPSVLQEKLFSVFYAILTPMLNPMIYSLRNKEVKGA 3 00 

301 LVKVL 305 (SEQ ID NO. 73) 
* + * 

301 WQKLL 305 (SEQ ID NO. 74) 

* indicates identity and + indicates similarity. 
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TABLE 36 



35 



40 



45 



50 



NOV 8 : 
OLFR : 
NOV 8 : 
OLFR : 
NOV 8 : 
OLFR : 
NOV8 : 
OLFR : 
NOV8 : 
OLFR : 



2 7 MGDVNQSVASDF I LVGLFSHSGSRQLLFS LVAVWFVIGLLGNTVLLFL I RVDSRLHTPMY 2 06 



***.*.******** 



1 MGTDNQTVA^SEFILLGLSSDVTOTRVSLFVLFLVMYVVTVLGNCLIVLLIRLDSRLHTPMY 6 0 

207 FLLSQLSLFDIGCPMVTIPKMASDFLRGEGATSYGGGAAQIFFLTLMGVAEGVLLVLMSY 3 86 
* * + *** * + + * + + + ** * + ***+** + * * *** 

61 FFLTNLSLVDVSYATSVVPQLLAHFLAEHKAIPFQSCAAQLFFSLALGGIEFVLI^V^ 120 

387 DR YV AVCQPLQYPVLJ4RRQVCLLMMGSSWVVGVLNAS I QTS ITLHFPYCASRI VDHFFCE 566 

******* * + * + * + * + + + + * * + + + +**+** * + ++ + ++ ** 

12 1 DRYVAVCDALRYSAIMHGGLCARLAITSWVSGFISSPVQTAITFQLPMCRNKFIDHISCE 180 

56 7 VPALLKLSCADTCAYEMALSTSGVLIJJ^LPLSLIATSYGHVLQAVLSMRSEE74RHKAVTT 74 6 

+ *+++*++ *+ +. * + + * + + + ** ** *+ +* + + + * ++ * * * +* # 

181 LIJVVVRI^CVDTSSNEVTI^SSIVLIJMTPLCLVLLSYIQIISTILKIQSREGRKKAFH 240 

74 7 CSSHITWGLFYGAAVFMYMVPCAYHSPQQDhTVVSLFYSLV^ 926 
*+*++*** * ** * + * * + * + * * + + *+*++++** ***+****** * * * 

24 1 CASHLTWALCYGVAI FTYIQPHSSPSVLQEKLFSVFYAI LTPMLNPMI YSLRNKEVKGA 3 00 
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NOV8; 927 LVKVLiSR-AGL 956 (SEQIDHO. 75) 
OLFR; 301 WQK^FSgI 31! (SEQ ID NO. 76) 

Where * indicates identity and + indicates similarity. 

GPCR: 1 GNVb T mmGSSWVVGVLNASIQ 159 

GPCR- 121 LFGLNNTDQN 

f thP olfactory signal transduction cascade. Accordingly , 
in the initial steps of the olfactory s,g ^ ^ ^ to 

acid, polypeptide, antibodies and other colons of the prese 
detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family 

superfam.ly, M>V8 ^ ^ alterations ,n the expression of 

compositions useful ,n the treatme ^ ^ ^ 

compositions of the present invention are useful 

ceases and pathologies, including by way of nonlimUmg example, those 
neurogenesis, cancer and wound healing. 
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40 



(GPCR)supeifan,ilyofpro.em S . ANOV9nucle,c 

by exo„ «n g , - *. — " ^ , ope „ rMding frame 

nuclei c aci, (SEQ U> NO: ,7, ,s 9,4 „udeo,*s ,„ ,en g ,h 1 ««— 
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(ORF) that begins with an ATG initiation codon at nucleotides 28-30 and ends with a TAG stop 
codon at nucleotides 979-981. The representative ORF encodes a 317 amino acid polypeptide 
(SEQ ID NO: 18). Putative untranslated regions up- and downstream of the coding sequence are 
underlined in SEQ ID NO: 17. 

5 

TABLE 38. 

TGCAGCTAAAGTGCATTGTGTAAAACT ATGGGGGATGTGAATCAGTCGGTGGCCTC 

AGACTTCATTCTGGTGGGCCTCTTCAGTCACTCAGGATCACGCCAGCTCCTCTTCTCC 

CTGGTGGCTGTCATGTTTGTCATAGGCCTTCTGGGCAACACCGTTCTTCTCTTCTTGA 

1 0 TCCGTGTGGACTCCCGGCTCCACACACCCATGTACTTCCTGCTCAGCCAGCTCTCCCT 
GTTTGACATTGGCTGTCCCATGGTCACCATCCCCAAGATGGCATCAGACTTTCTGCG 
GGGAGAAGGTGCCACCTCCTATGGAGGTGGTGCAGCTCAAATATTCTTCCTCACACT 
GATGGGTGTGGCTGAGGGCGTCCTGTTGGTCCTCATGTCTTATGACCGTTATGTTGCT 
GTGTGCCAGCCCCTGCAGTATCCTGTACTTATGAGACGCCAGGTATGTCTGCTGATG 

1 5 ATGGGCTCCTCCTGGGTGGTAGGTGTGCTCAACGCCTCCATCCAGACCTCCATCACC 
CTGCATTTTCCCTACTGTGCCTCCCGTATTGTGGATCACTTCTTCTGTGAGGTGCCAG 
CCCTACTGAAGCTCTCCTGTGCAGATACCTGTGCCTACGAGATGGCGCTGTCCACCT 
CAGGGGTGCTGATCCTAATGCTCCCTCTTTCCCTCATCGCCACCTCCTACGGCCACGT 
GTTGCAGGCTGTTCTAAGCATGCGCTCAGAGGAGGCCAGACACAAGGCTGTCACCA 

20 CCTGCTCCTCGCACATCACGGTAGTGGGGCTCTTTTATGGTGCCGCCGTGTTCATGTA 
CATGGTGCCTTGCGCCTACCACAGTCCACAGCAGGATAACGTGGTTTCCCTCTTCTA 
TAGCCTTGTCACCCCTACACTCAACCCCCTTATCTACAGTCTGAGGAATCCGGAGGT 
GTGGATGGCTTTGGTCAAAGTGCTTAGCAGAGCTGGACTCAGGCAAATGTGCATGAC 
TACATAG AAACTGCTGGTGAGA (SEP ID NO.: 17) 

25 

MGDVNQSVASDFILVGLFSHSGSRQLLFSLVAVMFVIGLLGNTVLLFLIRVDSRLHTPMY 
FLLSQLSLFDIGCPMVTIPKMASDFLRGEGATSYGGGAAQIFFLTLMGVAEGVLLVLMS 
YDRYVAVCQPLQYPVLMRRQVCLLMMGSS WVVG VLNASIQTSITLI 1FPYCASRJ VDI IF 
FCEVPALLKLSCADTCAYEMALSTSGVLILMLPLSLIATSYGHVLQAVLSMRSEEARHK 
30 AVTTCSSI11TVVGLFYGAAVFMYMVPCAYMSPQQDNVVSLFYSLVTPTLNPLIYSLRNP 
EV WMALVKVLSRAGLRQMCMTT (SEQ ID NO.: 1 8) 

The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium that are 
35 involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV9 
nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
to detect nasal epithelial neuronal tissue. 

The NOV9 polypeptide has homology (approximately 44% identity, 65% similarity) to 
the human olfactory receptor family 2 subfamily F, member 1 (OLFR) (EMBL Accession 
40 No.:NP 036501 ), as is shown in Table 39 The NOV9 polypeptide also has a high degree of 
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,„ NOV* po.ypep.ide a S shown ,n Table 40. Ove.aU ««. «> 
h o m o,o B y (99"/. iaen ti «y) « «- ^ from 45% » >*™ OR 8 enes ,ha t 

belon6 ,„ ,„e same subfamily SeeD^ ^ QRs 

, 999 , 20:4,3. ThusNOV8 and NOV9 belong ^ ^ 

tenninus. Multiple sequence ahgment gg ^ ^ ^ have a sgven 

u . m the second and sixth transmembrane com ■ dopam ine 
betW een the tQ a representatl ve GPCR, e.g. 

membrane region, and is sun ^ ^ ^ 

(GPCR) (GenBank Accession No.. P20288) 



TABLE 39 

„, DRWAVCDALRYSAIMHGGLCAR1AITSWV ^p HKA VIT 240 

OLFR: 241 



20 



25 OLFR : 



30 



35 NOV*: 30* -KVL 30S (SKQ ID «■ ^ 

OLFR : 301 ^.^JS"^*^^- 

Where* indicates identity ana 



T ABLE 40 SRLHTPMY 60 
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— « = -«-;^s;;^-;;~; 

- - === " 

301 'SK0IDKO. 17) 
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20 



NOV8 ,„ ************** '^0 ID HO. i 7 ; 

NW8. 301 LVKVLS RAGLRQMC - 

^ere* indites identity * fSE ° ID «> 



IABLE4J 

<*PCR: I6i if t vtitt ■ i - JJ (SEO In Mr* 



35 



(0 



ECIIA- 

* (SEO ID NO. 84 J 

The OR family of the GPCR s 
<°-< .he Cllla , ed surfTO of olfac «™P ° f — P™e,» S spKifically 

-olv«, ,„ lbe ^ steps of ^ - ««- . *e „ Ba , ep , tWmm fat „ 

acid, poIypep „, e , 01he!!ll, " CaSMde ACC ° rdi "^ «» N0 « 

<° „ asal epilhe „ a , neurMaj tjssK of*. presm , ,„„„,,„„ £m ^ 

Based on its reJatedness to the kn 
"Pertain NOV9 satMes . n ^ .„ ^ °™ "™<>- <* «* OR family of lhe QpcR 
«™po s ,,, 0 „ s usef „ ,„ ,„ e " P™«d,„ e mw d , ag „ os , ic w fcn ^ 

of 0R ramilHike protens ::: - ,» , Press , on of 

**«es and p.M^, ,, c , odj , g by f ' hc — d, ag „ os , s „. vanc , y rf 
cancer and womd | " 0f "™'™»" 8 ex ample , , hose , 
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NOV10 . . s a nuckic a cid sequence encodinf. a 

A NOV10 sequence according <o 4= — ' ^ ^ Q ^ coupkd rK ep.or 

(0PCR > superfamu, of ^ ^ mtieic kW (SEQ , D N0;19) - , ,0V 

lhc sequences shov. ,n Tabie 42. ^ ^ „ AT G 

nu c,e M ;aes in *«* - «— - °> " a TAG s,op codon - nuclides ,,030- 

, ,„«. Tne .preserve CRT encodes a 3 » ^ ,„ SEQ ID «>. 

^nsia.ed regions up- and do— of 

io ^niin.ing was used ,oc„nf„ m .ne sequence. 

TAGTGACCTCCGACX^ 



20 





25 CAGCTGATCAAATIU^-^ ^TCTCnTrrCTGG^l^^^croTCTACCT 
ACAATGGCCTGGTGACCCIOA ggGCC gca^^^ 
TCCTAGTCATGCTCCGAAGC^^ 

gtgcctctcacattgctgtg^ 

30 C^^^S^^B^^ 

40 sjss^ 
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The OR family of the GPCR superfarniJy is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 
NOV 10 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

The NOV 10 polypeptide has homology (approximately 55% identity, 72% similarity) to 
the olfactory receptor MOR83 (OLFR) (EMBL Accession No.:BAA86125), as is shown in Table 
43. Overall amino acid sequence identity within the mammalian OR family ranges from 45% to 
>80%. OR genes that are 80% or more identical to each other at the amino acid level are 
considered by convention to belong to the same subfamily. See Dryer and Berghard, Trends in 
Pharmacological Sciences , 1999, 20:413. OR proteins have seven transmembrane a-helices 
separated by three extracellular and three cytoplasmic loops, with an extracellular amino- 
terminus and a cytoplasmic carboxy-terminus. Multiple sequence aligment suggests that the 
ligand-binding domain of the ORs is between the second and sixth transmembrane domains. 
NOV 10 is predicted to have a seven transmembrane region, and is similar in that region to a 
representative GPCR, e.g. dopamine (GPCR) (GenBank Accession No.: P20288) as is shown in 
Table 44. 



NOV10 : 
OLFR: 
NOV10 : 
OLFR: 
NOV10 : 
OLFR : 
NOV 10 : 
OLFR : 
NOV10 : 
CLFR : 



TABLE 43 

79 MNPANHSQVAGFVLI^LSQVWELRFVFFTVFSA\T^FMTVVGNLLIVVIVTSDPHLHTTMY 258 
+ # + + * * + * * t** * + * + + + + **** + * * * *•* 

1 MGAiNQTRVTEFIFLGLTDNWVLEILFFVPFTVTYMLTLLGNFLIWTIVFTPRLHNPMY 6 0 

2 59 FLLGNLSFLDFCYSS ITAPRMLVDLLSGNPTI S FGGCLTQLFFFHF I GG I KI FLLTVMAY 43 8 
* * # + + # + * * + * * * * * * * -# * + * * * + * ^ + *#** + +#* 

61 FFLSNLS FIDI CHSSVTVPKMLEGLLLERKTISFDNCIAQLFFLHLFACSEIFLLTIMAY 12 0 
4 39 DRYIAISQPLHYTLIMNQTVCAiLMAASOTGGFIHSIVQIALTIQLPFCGPDKLDNFYCD 618 



***.++ 



+ * + * * 



121 DRYVAI CI PLHYSNVMNMKVCVQLVFALWLGGT I HSLVQTFLTI RLPYCGPNI I DSYFCD 18 0 
619 VPQLI KLACTDTFVLELLMVSNNGLVTLMCFLVLLGS YTALLVMLRSHSREGRSKALSTC 7 9 8 



+ + + * + 



181 VPPVIKLACTDTYLTGI LI VSNSGTI SLVCFLALVTSYTVI LFSLRKKSAEGRRKALSTC 24 0 

799 ASHIAWTLIFVPCI YVYTRPFRTFPMDKAVSVLYTI VTPMLNPAI YTLRNKEVI MAMKK 978 
+ + * #♦#+ * *** + + **#* ^ * -t * * *** ** + #** + **# ** + + *# + ** * + * 

24 1 SAHFMVVTLFFGPCI FLYTRPDSSFS I DKVVSVFYTVVTPLLNPLI YTLRMEEVKTAMKH 3C0 



NOV10: 979 LWRRK 993 (SEQ ID NO. 85) 
CLFR: 301 LRCRR 305 (SEQ ID NO- 86) 

Where * indicates identity and + indicates similarity. 
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15 



20 



IAfiLE ~^ t ™,SFLDFCYSSITAPRMLVDLLSGHPTISFGGCLTQ 100 

GPCR: 121 LFGLNNTDQNE 

BO VXO: 220 ALLVMLRSHSREGRSKA »6 (S*» ID NO . 87) 
GPCR: 161 KIVIVLRRRRKRVNTKR 177 (SEQ 

The OR family of *e GPCR superfam.ly ,s a group of related proteins specific* 

be used to delect nasal epithelial neuronal tissue. f , h . rpcR 
BaS ed on its relatedness to tne Know, members of the OR fan* of the GPCR 
superfamHy, NOV,0 satisfies a need ,„ the ar, b y providing new diagnostic o, therapy 

I f OR family like proteins. Nucleic acids, polypeptides, anubodies, and other 

dis eases and pathologies, including by way of nonliminng example, those involving 
neurogenesis, cancer and wound healing. 

NOV11 

A NOV 1 1 science according to the invention ,s a nucleic acid sequence encoding a 

, t de related to the human odoran. receptor (OR) family of the G-pro,ein coupled receptor 
J polypeptide related to the hu ^ ^ 

0 fNOV2(SEQlDNU..^ f«FO IDNO'21) is 1,012 nucleotides 

owvam in Table 45 The disclosed nucleic acid (Sbg ID NU.zi; 

15 u c ol 54-* «, ends w„h a TGA stop codon a. nuclides ,84-986. The representative 
oriels a 3,0 amino acid polypeptide ( SBQ ID NO:.). Putative ed regions up- 

.nd downstream of the coding ^uence « underlined in SE0 ID NO: 21. 
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TABLE 45. 

AAACACTTCTCCTAAACCATCiAGCATTAACTTGATTTCCTCTGTCATAGGGAT ATGG 
GAGACAATATAACATCCATCACAGAGTTCCTCCTACTGGGATTTCCCGTTGGCCCAA 
5 GGATTCAGATGCTCCTCTTTGGGCTCTTCTCCCTGTTCTACGTCTTCACCCTGCTGGG 
GAACGGGACCATACTGGGGCTCATCTCACTGGACTCCAGACTGCACGCCCCCATGTA 
CTTCTTCCTCTCACACCTGGCGGTCGTCGACATCGCCTACGCCTGCAACACGGTGCC 
CCGGATGCTGGTGAACCTCCTGCATCCAGCCAAGCCCATCTCCTTTGCGGGCCGCAT 
GATGCAGACCTTTCTGTTTTCCACTTTTGCTGTCACAGAATGTCTCCTCCTGGTGGTG 

1 0 ATGTCCTATGATCTGTACGTGGCCATCTGCCACCCCCTCCGATATTTGGCC ATCATGA 
CCTGGAGAGTCTGCATCACCCTCGCGGTGACTTCCTGGACCACTGGAGTCCTTTTAT 
CCTTGATTCATCTTGTGTTACTTCTACCTTTACCCITCTGTAGGCCCCAGAAAATTTA 
TCACTTTTTTTGTGAAATCTTGGCTGTTCTCAAACTTGCCTGTGCAGATACCCACATC 
AATGAGAACATGGTCTTGGCCGGAGCAATTTCTGGGCTGGTGGGACCCTTGTCCACA 

15 ATTGTAGTTTCATATATGTGCATCCTCTGTGCTATCCTTCAGATCCAATCAAGGGAAG 
TTCAGAGGAAAGCCTTCTGCACCTGCTTCTCCCACCTCTGTGTGATTGGACTCTTTTA 
TGGCACAGCCATTATCATGTATGTTGGACCCAGATATGGGAACCCCAAGGAGCAGA 
AGAAATATCTCCTGCTGTTTCACAGCCTCTTTAATCCCATGCTCAATCCCCTTATCTG 
TAGTCTTAGGAACTCAGAAGTGAAGAATACTTTGAAGAGAGTGCTGGGAGTAGAAA 

20 GGGCTTTATGA AAAGGATTATGGCATTGTGACTGACA (SEP ID NO.: 21) 

MGDNITSITEFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGL1SLDSRLHAPMYFFL 
SHLAVVDIAYACNTVPRMLVNLLHPAKPISFAGRMMQTFLFSTFAVTECLLLVVMSYDL 
YVAICHPLRYLAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQK1YHFFCEILA 
25 VLKLACADTHINENMVLAGAISGLVGPLSTIVVSYMC1LCAILQIQSREVQRKAFCTCFSH 
LCV1GLFYGTAIIMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICSLRNSEVKNTLKRV 
LGVERAL (SEQ ID NO.: 22) 



30 The OR family of the GPCR superfamily is a group of related proteins specifically 

located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 
NOV1 1 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

35 The NOV1 1 polypeptide has a high degree of homology (approximately 99% identity) to 

a human olfactory receptor (OLFR) (EMBL Accession No.:095047), as is shown in Table 46. 
The NOV1 ! polypeptide also has a high degree of homology (approximately 99% identity) to 
NOV2, as is shown in Table 47. Overall amino acid sequence identity within the mammalian OR 
family ranges from 45% to >80%. OR genes that are 80% or more identical to each other at the 

40 amino acid level are considered by convention to belong to the same subfamily. See Dryer and 
Berghard. Trends in Pharmacological Sciences . 1999, 20:413. Therefore, NOV1 1 and NOV2 are 
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■ h,v e seven transmembrane a-helices 
lwo «. OR su M0mil , OK ^ m exlraM „ ulaI amiro . 

rep.esen.a.ive GPCR, «• 1°P™" e (GPCR) (Gen 
Table 48. 



20 



25 



E46 t rNGTILGLlSLDSRLHAPMYF 6 0 

OX.FH: 61 FLSMAWDIAVAOTPV .^h^P^FCRPQKXYHFFCEI 180 



10 NOV11: 
OLFR : 

NOV11: 61 

15 



^AXCHP^IMTWRVCXT^ T T OI0SREV QKK*FCTC 240 

Where * indicates identity. 



35 



60 



40 



TABLE47 r ,NGTII>GLISLDSRLHAPMYF 
N0 V2: 1 MGDNITSIREFLLLGFPVGP P e TFA VTECIiLWMSVD 120 
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A******************************************************** + * 

NOV2 : 181 I^VLKIACADTHINE^^WI^GAISGLVGPLSTIVVSYT^CILCAILOIOSREVQRKAFRTC 240 

NOV11 : 241 FSHLCVIGLFYGTAIIMY^/GPRYGNPKEQKKYLLLFHSLFNPMLNPLICSLRNSEVKNTL 300 
*•* + + ** + ** +★++***+********+**+*+++*+*+++*++++*****++**+++**+ 

NOV2 : 241 FSHLCVIGLVYGTAI IMYVGPRYGNPKEQKKYLLLFHSL.FNPMLNPLI CSLRNSEVKNTL 300 

NOVll: 301 KR VLiG VE RAL 310 (SEQ ID NO.: 22) 
+ + * + *****•*• 

NOV2 : 301 KRVLGVERAL 310 (SEQ ID NO.: 4) 

Where * indicates identity. 



15 



20 



25 



TABLE 48 

NOVll : 5 3 RLHAPWFFLSHI^VVDIAYACNWPRMLVNLLHPAKPISFAGRflMQTFLFSTFAVTECL 112 

GPCR : 14 TU^QTTTNYLIVSLAVADLLVATLV^ 73 

NOVll : 113 LLVVMSYDLYVAICHPLRYLAIMTW- RVCITLAVTSWTTGVL.LSLiIHLVTjLLPL.PFCRPQ 171 

GPCR : 74 NLCA I S I DRYTAVAMPMLYNTRYS SKRRVTVMI AI VWVLiS FT I SCPMLFGLNNTDQNE - - 131 

NOVll : 172 KIYHFFCEIIJVVLKI^CADTHINENKVIAGAISGLVGPLSTIVVSYMCILCAILQIQSRE 231 

GPCR: 132 -CIIANPAF WYSS IVSFYVPFIVTLLVYIKI YIVLRRRRKRV 173 

NOVll: 232 VQRK 235 { SEQ ID NO.: 81) 

GPCR: 174 NTKR 177 (SEQ ID NO. : 82) 



The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium that are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 

30 NOV1 1 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOV1 1 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated with alterations in the expression of 

35 members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 

compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and wound healing. 



40 NOV12 

A NOV 1 2 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
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VVO01/5K>32 

• a >onV12 nucleic acid was discovered by exon linking 

analysis ofNOV2 (SEQ ID NO.. (SEQ IDNO :23) is 1,014 

u ; n T a hle49 The disclosed nucleic acid ^tv^ iv 
Eludes the sequences shown m Table 49. frame (ORF) that begins with an ATG 

.^tides in length and contains an open reading frame (OW)in 
nucleotides m ie ngu nucleotides 985-987. 

Nation codon a, Sondes 55-57 and ends w„h a TGA top 

XK, ^senuUve OKF encodes a 3,0 a-nino acid po* pep* ^ ^ ^ 

unused ,e e io„s up- and do—, of ,he cod.ng sconce 



23. 



ogaaSooaccatactgtcgctcatctca^ 

°°"^CCTCTCACACCTGGCGGTCGTCGACATCo^ 

15 cSSYtgctcgtgaacctcctgc^ 

T^wrAGACCTTTCTGTmccAcrrrrc^ 

SSatctgt^gW 

ArCTGGAGAGTCTGCATCACCCTCGCG^« CCCCAGAAAA rrT 
M TCOTGAVrCATCTTGTGTrAOTC^ 
20 iTCACTTTrmGTGAA^CTO^ 



CAATGAGA^ATGOTC^ 




25 STATCTCCTGCTGm^ 

^ CSEQ 1D N ° ^ ' 

35 LGVERAL (SEQ ID NO.: 24) 

The OR family of the GPCR superfamily ,s a group of related proteins specially 
TheORfamily neurons in the nasa , epithelium and are 

located at the ciliated surface of olfactory sen ry Accord mgly , the 

solved in the initial steps of the oifactory s.gna, transduction cascade. 
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NOV 12 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

The NOV 12 polypeptide has a high degree of homology (approximately 99% identity) to 
a human olfactory receptor (OLFR) (EMBL Accession No.:095047\ as is shown in Table 50. 
5 The NOV 12 polypeptide also has a high degree of homology (approximately 99% identity) to 

NOV2, as is shown in Table 51. Overall amino acid sequence identity within the mammalian OR 
family ranges from 45% to >80%. OR genes that are 80% or more identical to each other at the 
amino acid level are considered by convention to belong to the same subfamily. See Dryer and 
Berghard y Trends in Pharmacological Sciences , 1999, 20:413. Therefore. NOV 12 and NOV2 are 

10 two members of the same OR subfamily. OR proteins have seven transmembrane a-helices 
separated by three extracellular and three cytoplasmic loops, with an extracellular amino- 
terminus and a cytoplasmic carboxy-terminus. Multiple sequence aligment suggests that the 
ligand-binding domain of the ORs is between the second and sixth transmembrane domains. 
NOV 12 is predicted to have a seven transmembrane region, and is similar in that region to a 

15 representative GPCR ; e.g. dopamine (GPCR) (GenBank Accession No.: P20288) as is shown in 
Table 52. 



TABLE 50. 



20 


NOV12 : 


L 


MGDNITSITEFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYF 
******** ** + **-* + ******************************************** 


60 




OLFR : 


1 


MGDNITSIREFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYF 


60 




NOV12 : 


61 


FLSHI^VVDIAYACNTVPRMLVNLLHPAKPI SFAGR 

************************************************************ 


120 


25 


OLFR: 


61 


FLSHIJWVDIAYACNTVPRMLVT^LHPAKPI 


120 




NOV12 : 


121 


LYVAICHPLRYLAIMTWRVCITLAVTSWTTGVLLSLIHLVXLLPLPFCRPQKI YHFFCEI 
************************************************************ 


180 


30 


OLFR : 


121 


LYVAICHPLRYIJVIMTWRVCITLAVTSWTTGVTjLSLIHLVXLLPLPFCRPQKI YHFFCEI 


180 


NOV12 : 


181 


IJVVLKXACADTHINENMVXAGAISGLVGPLST^ 

********************************************************* * * 


240 




OLFR : 


181 


LAVLKLACADTHINENMVLAGAISGLVGPLSTIWSYMCILCAILQIQSREVQRKAFRTC 


240 


35 


NOV12 : 


241 


FSHLCVIGLFYGTA1 IMY^GPRYGNPKEQKKYI^LFHSLFNPMLNPLICSLRNSEVKNTL 
********* ************************************************** 


300 




OLFR : 


241 


FSHLCVIGLVYGTAI IMYVGPRYGNPKEQKKYLLLFHS LFNPMLNPLICSLRNSEVKNTL 


300 


40 


NOV12 : 


301 


KRVLGVERAL 310 { SEQ ID NO. : 24) 




OLFR : 


301 


KRVLGVERAL 310 (SEQ ID NO. : 8 9) 






Where * 


indicates identity. 
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TABLE 51. z-tjtrTT t pNGTILGLISLDSRLHAPMYF 60 

1 1 MGDNITSITEFLIjIjGFP^^^^^^^^^^^^^*^*'*^*^** * ************** 

Novl2: 1 MGD^_ 60 

! MGDNITSIRBFLLLGFPVGPRIQMLLFGLFSLFYV 

nov2 : 121 - 

ir '^^^^=^=== — — ■ 300 

NO V 12: 301 KRVLGVERAIi 310 <SEQ ID NO.: 24) 

*+**+*+*+* 



10 

15 NOV12: 1 
NOV2 

20 



25 NO V2: 30X ^OVERM, 3X0 ( SEQ ID NO 4) 

Where * indicates identity. 



NOV12 : 5 
30 GPCR 



35 NOV12 
GPCR 



. 132 -CIIANPAF 



NOV1 

GPCR: 74 



NO V l2: 232V0RK235 (SKQ ID JO : 90) 
GPCR: 174 NTKR 177 (SEQ ID . 



The OR far* of the GPCR.uperfa.il, is a group of related prote.ns 

The OR tarty o ^ ^ epi(hehum thal „ 

— d - * Cil ' aK ? Ur ;l Zry s J, — n cascade. According *e 

NOV 12 nucleic acid, polypeptide, dim 
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compositions useful in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 
compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
5 neurogenesis, cancer and wound healing. 



NOV13 

A NOV 13 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 

10 (GPCR) superfamily of proteins. A NOV 13 nucleic acid and its encoded polypeptide includes 
the sequences shown in Table 53. The disclosed nucleic acid (SEQ ID NO:25) is 908 
nucleotides in length and contains an open reading frame (ORF) that begins with an ATG 
initiation codon at nucleotides 75-77 and ends with a TAA stop codon at nucleotides 901-903. 
The representative ORF encodes a 270 amino acid polypeptide (SEQ ID NO:26). Putative 

1 5 untranslated regions up- and downstream of the coding sequence are underlined in SEQ ID NO: 
25. 



TABLE 53. 

TGTATCTGGTCACGGTGCTGAGGAACCTGCTCAGCATCCTGGCTGTCAGCTCTGACT 
20 CCCACCCCCACACACCC ATGTACTTCTTCCTCTCCAACCTGTGCTGGGCTGACATCG 
GTTTCACCTTGGCCACGGTTCCCAAGATGATTGTGGACATGGGGTCGCATAGCAGAG 
TCATCTCTTATGAGGGCTGCCTGACACAGATGTCTTTCTTTGTCCTTTTTGCATGTAT 
AGAAGACATGCTCCTGACTGTGATGGCCTATGACCAATTTGTGGCCATCTGTCACCC 
CCTGCACTACCCAGTCATCATGAATCCTCACCTCTGTGTCTTCTTAGTTTTGGTTTCTT 
25 TTTTCCTTAGCCTGTTGGATTCCCAGCTGCACAGTTGGATTGTGTTACAATTCACCTT 
CTTCAAGAATGTGGAAATCTCTAATTTTTTCTGTGATCCATCTCAACTTCTCAACCrr 
GCCTGTTCTGACGGCATCATCAATAGCATATTCATATATTTAGATAGTATTCTGTTCA 
GTTTTCTTCCCA'ITTCAGGGATCCTTTTGTCTTACTATAAAATTGTCCCCTCCATTCTA 
AGAATTTCATCGTCAGATGGGAAGTATAAAGCCTTCTCCATCTGTGGCTCTCACCTG 
30 GCAGTTGTTTGCTTATTTTATGGAACAGGCATTGGCGTGTACCTAACTTCAGCTGTGT 
CACCACCCCCCAGGAATGGTGTGGTGGCGTCAGTGATGTATGCTGTGGTCACCCCCA 
TGCTGAACCCTTTCATCTACAGCCTGAGAAACAGGGATATACAAAGTGTCCTGCGGA 
GGCTGTGCAGCAGAACAGTCGAATCTCATGATATGTTCCATCCTTTTTCTTGTGTGGG 
TGAGAAAGGGCAACCACATTAAATCTCTACATCTGTAAATCCT (SEQ ID NO.: 25) 

35 

MYFFLSNLCWADIGFTLATVPKMIVDMGSHSRVISYEGCLTQMSFFVLFACIEDMLLTV 

MAYDQFVAICHPLHYPVIMNPHLCVFLVLVSFFLSLLDSQLHSWIVLQFTFFKNVEISNFF 

CDPSQLLNLACSDGIINS1FIYLDSILFSFLPISGILLSYYKIVPSILRISSSDGKYKAFS1CGSH 
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V. OR. fan* of .h« OPCR s»perfam„ y is a 6 ,oup of — P-o.e.ns sp.citoU, 

. fnT FRt (EMBL Accession N0..Q9UPJ1). as is shown m Table 54. 
a human olfactory receptor (OLFR) (EMBL ^ ^ 

0«tf amino acid se q ue„ce identity within the man-ran OR «V 

peered by convention ,0 be,on 8 ,o me same subfamily. S ^ a .„ eli „ s 

aam— ^ « *«3. OR — — M|iulat am , M . 

ligand-binding domain of the UKs a 

,,•,,,,„ we a seven transmembrane region, and is similar in thai y 
NOV 13 is predicted to have a seven ira P2 0288) as is shown in 

tnvm\ CGenBank Accession No., rzuzoo) *. 
, representative GPCR, eg. dopamine (GPCR) (Gen* 



Table 55. 



TABLEJ4 



25 r — ----- s ™- 20 

OLFR : 61 a™ .^jvpS JLHJSSSDGKVKAP 1»0 

35 : SIC o— ^ 2 - 

40 „„„.™wnMFHPFSCVG 263 (SEQ ID NO.: 24) 



OLFR: 18X 

NOV12: 24! SVLRRLCSRTVESHDMFHPFS 
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+ * +* * + + + ★ + +++ + * 

OLFR: 241 SALCRLHGRI IKSHHL- HPFCYMG 263 (SEQ ID NO.: 92) 

Where * indicates identity and + indicates similarity. 
5 TABLE 55 

NOV13 : 1 MYFFLSNLCWADIGFTLAWPKMIVT>MGSHSRVISYEGCLTQMSFFVLFACIEDM 60 
GPCR: 19 TOYLIVSI^VADLLVATLVMPWVW 78 

NOV13 :61 AYIX2FVAICHPLHYPVIMNPHLCVFLVLVSFFLSLLDSQLHSWIVLQFTF-FKNVEISNF 119 
JO GPCR: 79 S IDRYTAVAMPMLYNTRYSSKRRVTVMIAIVWVLSF TISCPMLFGLNNTDQNECI 133 

NOV13 : 120 FCDPSQLLNLACSDGIINSIFIYLDSILFSFLPISGILLSYYKIVPSILRISSS 173 

(SEQ ID NO. : 93) 

GPCR: 134 IANPAFW YSS I VSFYVPFIVTLLVYIKIYIVLRRRRKR 172 

15 (SEQ ID NO. : 94) 

The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium that are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 

20 NOV 1 3 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOV1 3 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated with alterations in the expression of 

25 members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 

compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and wound healing. 



30 Table 56 shows a multiple sequence alignment of NOV 1-1 3 polypeptides with the known 

human olfactory receptor 10J1 (GenBank Accession No.; P30954), indicating the homology 
between the present invention and known members of a protein family. 



TABLE 56. 



35 NOV4 MRGFNKT- - TVVTQFILVGFSSLGELQ - - LLLFV I FLLLYLT I LVANVTIMA 

N0V3 MRGFNKT- -TVVTQFILVGFSSLGELQ- - LLLFV I FLLLYLT I LVANVTIMA 

OR_10J1 MLLCFRFGNQSMKRENFTLITDFVFQGFSSFHEQQ- - ITLFGVFLAI^YILTLAGNI 1 1 VT 

NOV1 0 MNPANHSQVAGFVLLGLSQVWELR - - FV F FTVFSAVYFMTWGNLL I W 

NOV12 MGDNITSIT- EFLLLGFPVGPRIQ - - MLLFGLFSLFYVFTLLGNGTI LG 

40 NOV11 MGDNITSIT- EFLLLGFPVGPRIQ- - MLLFGLFSLFYVFTLLGNGTI LG 

NOV2 MGDNITSIR - EFLLLGFPVGPRIQ - - MLLFGLFSLFYVFTLLGNGTI LG 

60 
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r.-.nT L.FS LVAVMFV I GLLGNTVLLF 

MGDVNQSVASDFILVGLFSHSGSR- VAVMFVIQLIj aNTVLLF 

NOV9 " ' " MGDVNQSVASDFILVGLFSHSGSR- -^^CLYLTGLFGNLLILL 

N0 V8 _ -MEGKNQTNISEFLLLGFSSWQQQQ- -VLLFALFL ^^^^^ 

NOVl_ " 

NOV6 ~ 

IZ V V PFsStP^FXLSFSK^ 

20 ^7 ^sSOSH^PTVFFLSI^iaFTSATVP^IVDMQWVSRV^HA ^ 

.CTMCLLIAWGTOYVMCHPLRTrLIIOT^^K^^^^SIS 

30 ^V9 GV AEGVLLVLMS ^ R ^^^p^yp VL^ROVCLLiMMG S S WWGVLNAS I QTS 

IZl GVAEGVLLVLMSYDRYVAVCQPLQYPVLMRROVU IAILN p LL HTLMMAHLH 

^DNFLLTV^YDRYVAICHPLHYSTI^RLCASL MSQIjM „vLLFT 

NO ^ Spo£mFFCFIU«IJQ^»DTHim^^ 

^ YCASRIVDHFFCEVPALLKLSCADTCAYEMALSTSGVL TSYGHvU *VLS 
^SRITOHFFCEVPALLKLSCADTCAYEMALSTSGVLILMLP yIIjIVSA VMK 

^ NOV6 IIKNVEITN^CEPSQLLNI^CSDSV^ 

. . * • ::*'** 
55 „». I P SMO -K M FV T C»S„^FV mKSr -P = 
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NOV10 SHSREGRSKALSTCASHIAWTLIFVPCIYVYTRPFR- -TFPMDKAVSVLYTIVTPMLNP 

NOV12 IQSREVQRKAFCTCFSHLCVIGLF^GTAIIMYVGPRYGNPKEQKKYLLLFHSLFNPMLNP 

NOV11 IQSREVQRKAFCTCFSHLCVI GLFYGTAI IMYVGPRYGNPKEQKKYLLLFHSL.FNPMLNP 

NOV2 IQSREVQRKAFRTCFSHLCVIGLVYGTAIIMYVGPRYGNPKEQKKYLLLFHSLFNPMLNP 

NOV9 MRSEEARHKAVTTCSSHITVVGLFYGAAVFMYMVPCAYHSPQQDNVVSLFYSLVTPTLNP 

NOV8 MRSEEARHKAVTTCS£HITVVGLFYGAAVFMYTWPCAYHSPQQD^A/V£LFYSLVTPTLNP 

NOV1 VPSAQGKLKAFSTCGSHLALVILFYGAITGVYMSPLSNHSTEKDSAASVIFMVVAPVLNP 

NOVS MSSSDGKYKGFSTCGSYLAVVCSFDGTGIGMYL.TSAVSPPPRNG-VASVMYAWTPMLNL 

NOV5 MSSSDGKYKGFSTCGSYLAWCSFDGTGIGMYLTSAVSPPPRNGWASWAWTPMLNL 

NOV13 ISSSDGKYKAFSICGSHLAWCLFYGTGIGVYLTSAVSPPPRNGWASWTYAWTPMLNP 

NOV7 MSSSDGKYKTFSTYGSHLAFVCSFYGTGIDMYLASAMSPTPRNG\AA^SVMXAVVTPMLNL, 



NOV4 LVYSLRNKEVKTALKP VLGMPVATKMS 

1 5 NOV3 LVYSLRNTKEVKTALKR VLGMPVATKMS 

R_ 1 0 Jl WYTLRNKE VKDALCR AVGG KFS 

NOV10 AIYTLRNKEVIMAMKKLWRRKKDPIGPLEHRPLH 

NOV1 2 LI CSLRNSEVKNTLKR VLG - - VERAL 

NOV11 LT CSLRNSEVKNTLKR VLG- -VERAL 

20 NOV2 LI CSLRNSEVKNTLKR VLG- -VERAL 

NOV 9 LI YSLRNPEVWMAL VK VLSRAGLRQMCMTT 

NOV8 LI YSLRNPEVWMAL VK VLSRAGLRQMC 

NOV1 FIYSLRNNELKGTI.KKTLSRPGAVAHACNPSTLGGRGGWIMRSGDRDHPG 

NOV6 FI LSLGKRD IQSVLRRLCSRTVESHDMFHPFSCVGEKGQPH 

25 NOV5 FI YSLGKRD JQSVLRRLCSRTVESHDMFHPFSCVG 

NOV13 FIYSLRNRDIQSVLRRLCSRTVESHDMFHPFSCVGEKGQPH 

NOV7 FIYSLRNRDIQSALRRLRSR 



(SEQ 


ID 


NO . 


8) 


(SEQ 


ID 


NO . 


6) 


(SEQ 


ID 


NO . 


95) 


(SEQ 


ID 


NO . 


20) 


(SEQ 


ID 


NO . 


24) 


(SEQ 


ID 


NO . 


22) 


(SEQ 


ID 


NO . 


4) 


( SEQ 


ID 


NO. 


18) 


(SEQ 


ID 


NO . 


16) 


(SEQ 


ID 


NO . 


2) 


(SEQ 


ID 


NO . 


12) 


(SEQ 


ID 


NO. 


10) 


( SEQ 


ID 


NO. 


26) 


( SEQ 


ID 


NO. 


14) 



30 Where indicates a single, fully conserved residue, indicates conservation of strong 
groups, and indicates conservation of weak groups, and OR_10J1 is the known human 
olfactory receptor 10J1 (GenBank Accession No.: P30954). 



The nucleic acids and proteins of the invention are useful in potential therapeutic 
35 applications implicated in disorders of the neuro-olfactory system, such as those induced by 
trauma, surgery and/or neoplastic disorders. For example, a cDNA encoding the olfactory 
receptor protein may be useful in gene therapy for treating such disorders, and the olfactory 
receptor protein may be useful when administered to a subject in need thereof. By way of 
nonlimiting example, the compositions of the present invention will have efficacy for treatment 
40 of patients suffering from disorders of the neuro-olfactory system. The novel nucleic acids 
encoding olfactory receptor protein, and the olfactory receptor protein of the invention, or 
fragments thereof, may further be useful in the treatment of adenocarcinoma; lymphoma; prostate 
cancer; uterus cancer, immune response, AIDS, asthma, Crohn's disease, multiple sclerosis, 
treatment of Albright hereditary ostoeodystrophy, development of powerful assay system for 
45 functional analysis of various human disorders which will help in understanding of pathology of 
the disease, and development of new drug targets for various disorders. They may also be used 
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1 9, 2 1 , 23 or 25, or a fragment thereof, any of whose bases may be changed from the 
corresponding bases shown in SEQ ID NO: 1 , 3, 5, 7, 9, 1 1 , 1 3, 1 5, 1 7, 1 9, 2 1 , 23 or 25, while 
still encoding a protein that maintains at least one of its NOVX-like activities and physiological 
functions (i.e., modulating angiogenesis, neuronal development). The invention further includes 
5 the complement of the nucleic acid sequence of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 
23 or 25 : including fragments, derivatives, analogs and hornologs thereof. The invention 
additionally includes nucleic acids or nucleic acid fragments, or complements thereto, whose 
structures include chemical modifications. 

One aspect of the invention pertains to isolated nucleic acid molecules that encode 

10 NOVX proteins or biologically active portions thereof Also included are nucleic acid fragments 
sufficient for use as hybridization probes to identify NOVX-encoding nucleic acids (e.g., NOVX 
mRNA) and fragments for use as polymerase chain reaction (PCR) primers for the amplification 
or mutation of NOVX nucleic acid molecules. As used herein, the term "nucleic acid molecule" 
is intended to include DNA molecules (e.g., cDNA or genomic DNA), RNA molecules (e.g., 

15 mRNA), analogs of the DNA or RNA generated using nucleotide analogs, and derivatives, 
fragments and hornologs thereof. The nucleic acid molecule can be single-stranded or 
double-stranded, but preferably is double-stranded DNA. 

"Probes" refer to nucleic acid sequences of variable length, preferably between at least 
about 10 nucleotides (nt), 100 nt, or as many as about, e.g., 6,000 nt, depending on use. Probes 

20 are used in the detection of identical, similar, or complementary' nucleic acid sequences. Longer 
length probes are usually obtained from a natural or recombinant source, are highly specific and 
much slower to hybridize than oligomers. Probes may be single- or double-stranded and 
designed to have specificity in PCR, membrane-based hybridization technologies, or ELISA-like 
technologies. 

25 An "isolated' 1 nucleic acid molecule is one that is separated from other nucleic acid 

molecules that are present in the natural source of the nucleic acid. Examples of isolated nucleic 
acid molecules include, but are not limited to, recombinant DNA molecules contained in a 
vector, recombinant DNA molecules maintained in a heterologous host cell, partially or 
substantially purified nucleic acid molecules, and synthetic DNA or RNA molecules. Preferably, 

^0 an "isolated" nucleic acid is free of sequences which naturally flank the nucleic acid (i.e., 

sequences located at the 5' and 3* ends of the nucleic acid) in the genomic DNA of the organism 
from which the nucleic acid is derived. For example, in various embodiments, the isolated 
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In another embodiment, an isolated nucleic acid molecule of the invention comprises a 
nucleic acid molecule that is a complement of the nucleotide sequence shown in SEQ ID NO: 1 , 
3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 or 25, or a portion of this nucleotide sequence. A nucleic 
acid molecule that is complementary to the nucleotide sequence shown in SEQ ID NO; 1,3,5, 
5 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25 isone that is sufficiently complementary to the nucleotide 

sequence shown in SEQ ID NO: 1 , 3, 5, 7, 9, 1 1 , 1 3, 1 5, 17, 19, 21 , 23 or 25 that it can hydrogen 
bond with little or no mismatches to the nucleotide sequence shown in SEQ ID NO: 1,3,5, 7, 9, 
1 1 , 1 3, 1 5, 1 7, 1 9, 2 1 , 23 or 25, thereby forming a stable duplex. 

As used herein, the term "complementary" refers to Watson-Crick or Hoogsteen base 

10 pairing between nucleotide units of a nucleic acid molecule, and the term "binding" means the 
physical or chemical interaction between two polypeptides or compounds or associated 
polypeptides or compounds or combinations thereof. Binding includes ionic, non-ionic, Von der 
Waals, hydrophobic interactions, etc. A physical interaction can be either direct or indirect. 
Indirect interactions may be through or due to the effects of another polypeptide or compound. 

15 Direct binding refers to interactions that do not take place through, or due to, the effect of another 
polypeptide or compound, but instead are without other substantial chemical intermediates. 

Moreover, the nucleic acid molecule of the invention can comprise only a portion of the 
nucleic acid sequence of SEQ ID NO: 1, 3, 5, 7, 9, 1 1 , 1 3, 15, 17, 19, 21, 23 or 25, e.g., a 
fragment that can be used as a probe or primer, or a fragment encoding a biologically active 

20 portion of NOVX. Fragments provided herein are defined as sequences of at least 6 (contiguous) 
nucleic acids or at least 4 (contiguous) amino acids, a length sufficient to allow for specific 
hybridization in the case of nucleic acids or for specific recognition of an epitope in the case of 
amino acids, respectively, and are at most some portion less than a full length sequence. 
Fragments may be derived from any contiguous portion of a nucleic acid or amino acid sequence 

25 of choice. Derivatives are nucleic acid sequences or amino acid sequences formed from the 

native compounds either directly or by modification or partial substitution. Analogs are nucleic 
acid sequences or amino acid sequences that have a structure similar to, but not identical to, the 
native compound but differs from it in respect to certain components or side chains. Analogs 
may be synthetic or from a different evolutionary origin and may have a similar or opposite 

30 metabolic activity compared to wild type. 

Derivatives and analogs may be full length or other than full length, if the derivative or 
analog contains a modified nucleic acid or amino acid, as described below. Derivatives or 
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other mammals. The probe/primer typically comprises a substantially purified oligonucleotide. 
The oligonucleotide typically comprises a region of nucleotide sequence that hybridizes under 
stringent conditions to at least about 12, 25, 50. 100, 150, 200, 250, 300, 350 or 400 or more 
consecutive sense strand nucleotide sequence of SEQ ID NO: 1 , 3, 5, 7, 9, 11, 13, 15, 17, 19,21, 
5 23 or 25; or an anti-sense strand nucleotide sequence of SEQ ID NO: 1 , 3, 5, 7, 9, 11, 13, 15, 17, 
19,21,23 or 25; or of a naturally occurring mutant of SEQ ID NO: 1, 3, 5, 7,9, 11, 13, 15, 17, 
19, 21, 23 or 25. 

Probes based on the human NOVX nucleotide sequence can be used to detect transcripts 
or genomic sequences encoding the same or homologous proteins. In various embodiments, the 

10 probe further comprises a label group attached thereto, e.g., the label group can be a radioisotope, 
a fluorescent compound, an enzyme, or an enzyme co-factor. Such probes can be used as a part 
of a diagnostic test kit for identifying cells or tissue which misexpress a NOVX protein, such as 
by measuring a level of a NOVX-encoding nucleic acid in a sample of cells from a subject e.g., 
detecting NOVX mRNA levels or determining whether a genomic NOVX gene has been mutated 

1 5 or deleted. 

A "polypeptide having a biologically active portion of NOVX" refers to polypeptides 
exhibiting activity similar, but not necessarily identical to, an activity of a polypeptide of the 
present invention, including mature forms, as measured in a particular biological assay, with or 
without dose dependency. A nucleic acid fragment encoding a "biologically active portion of 

20 NOVX" can be prepared by isolating a portion of SEQ ID NO: 1,3,5,7,9, 11, 13, 15, 17, 19, 
21, 23 or 25 that encodes a polypeptide having a NOVX biological activity (biological activities 
of the NOVX proteins are described below), expressing the encoded portion of NOVX protein 
(e.g., by recombinant expression in vitro) and assessing the activity of the encoded portion of 
NOVX. For example, a nucleic acid fragment encoding a biologically active portion of NOVX 

25 can optionally include an ATP-binding domain. In another embodiment, a nucleic acid fragment 
encoding a biologically active portion of NOVX includes one or more regions. 

NOVX Variants 

The invention further encompasses nucleic acid molecules that differ from the nucleotide 
30 sequences shown in SEQ ID NO: 1,3,5,7,9. 1 1, 13, 15, 17 5 19, 21, 23 or 25 due to the 

degeneracy of the genetic code. These nucleic acids thus encode the same NOVX protein as that 
encoded by the nucleotide sequence shown in SEQ ID NO: 1 , 3, 5, 7, 9, 1 1 , 1 3, 1 5, 1 7, 1 9, 2 1 , 
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Moreover, nucleic acid molecules encoding NOVX proteins from other spectes, and bus 
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is intended to describe conditions for hybridization and washing under which nucleotide 
sequences at least 60% homologous to each other typically remain hybridized to each other. 

Homologs (i.e., nucleic acids encoding NOVX proteins derived from species other than 
human) or other related sequences (e.g., paralogs) can be obtained by low, moderate or high 
5 stringency hybridization with all or a portion of the particular human sequence as a probe using 
methods well known in the art for nucleic acid hybridization and cloning. 

As used herein, the phrase "stringent hybridization conditions" refers to conditions under 
which a probe, primer or oligonucleotide will hybridize to its target sequence, but to no other 
sequences. Stringent conditions are sequence-dependent and will be different in different 

10 circumstances. Longer sequences hybridize specifically at higher temperatures than shorter 

sequences. Generally, stringent conditions are selected to be about 5°C lower than the thermal 
melting point (T m ) for the specific sequence at a defined ionic strength and pH. The Tm is the 
temperature (under defined ionic strength, pH and nucleic acid concentration) at which 50% of 
the probes complementary to the target sequence hybridize to the target sequence at equilibrium. 

15 Since the target sequences are generally present at excess, at Tm, 50% of the probes arc occupied 
at equilibrium. Typically, stringent conditions will be those in which the salt concentration is 
less than about 1 .0 M sodium ion, typically about 0.01 to 1 .0 M sodium ion (or other salts) at pH 
7,0 to 8.3 and the temperature is at least about 30°C for short probes, primers or oligonucleotides 
(e.g., 10 nt to 50 nt) and at least about 60°C for longer probes, primers and oligonucleotides. 

20 Stringent conditions may also be achieved with the addition of destabilizing agents, such as 
form amide. 

Stringent conditions are known to those skilled in the art and can be found in Current 
Protocols in Molecular Biology, John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6. Preferably, 
the conditions are such that sequences at least about 65%, 70%, 75%, 85%, 90%, 95%, 98%, or 

25 99% homologous to each other typically remain hybridized to each other. A non-limiting 

example of stringent hybridization conditions is hybridization in a high salt buffer comprising 6X 
SSC, 50 mM Tris-HCl (pH 7.5), 1 mM EDTA, 0.02% PVP, 0.02% FicolK 0.02% BSA, and 500 
mg/ml denatured salmon sperm DNA at 65°C. This hybridization is followed by one or more 
washes in 0.2X SSC, 0.01% BSA at 50°C. An isolated nucleic acid molecule of the invention 

30 that hybridizes under stringent conditions to the sequence of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 
15, 17, ]9, 21, 23 or 25 corresponds to a naturally occurring nucleic acid molecule. As used 
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made in the sequence of SEQ ID NO: 1, 3 , 5 , 7, 9 5 1 1, 13, 15, 17, 19, 21, 23 or 25. A 
"non-essential" amino acid residue is a residue that can be altered from the wild-type sequence of 
NOVX without altering the biological activity, whereas an "essential" amino acid residue is 
required for biological activity. For example, amino acid residues that are conserved among the 
5 NOVX proteins of the present invention, are predicted to be particularly unamenable to 
alteration. 

Another aspect of the invention pertains to nucleic acid molecules encoding NOVX 
proteins that contain changes in amino acid residues that are not essential for activity. Such 
NOVX proteins differ in amino acid sequence from SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 

10 22, 24 or 26, yet retain biological activity. In one embodiment, the isolated nucleic acid 

molecule comprises a nucleotide sequence encoding a protein, wherein the protein comprises an 
amino acid sequence at least about 75% homologous to the amino acid sequence of SEQ ID NO: 
2, 4, 6, or 8. Preferably, the protein encoded by the nucleic acid is at least about 80% 
homologous to SEQ ID NO: 2, 4, 6,8, 10, 12, 14, 16, 18,20, 22, 24 or 26, more preferably at 

1 5 least about 90%, 95%, 98%, and most preferably at least about 99% homologous to SEQ ID NO: 
2,4, 6, 8, 10 ? 12, 14, 16, 18, 20, 22, 24 or 26. 

An isolated nucleic acid molecule encoding a NOVX protein homologous to the protein 
of can be created by introducing one or more nucleotide substitutions, additions or deletions into 
the nucleotide sequence of SEQ ID NO: 1,3,5,7, 9, 11, 13, 15, 17, 19,21,23 or 25, such that 

20 one or more amino acid substitutions, additions or deletions are introduced into the encoded 
protein. 

Mutations can be introduced into the nucleotide sequence of SEQ ID NO: 1,3,5, 7, 9, 
11, 13, 15, 17, 19, 21 , 23 or 25 by standard techniques, such as site-directed mutagenesis and 
PCR-mediated mutagenesis. Preferably, conservative amino acid substitutions are made at one 

25 or more predicted non-essential amino acid residues. A "conservative amino acid substitution" is 
one in which the amino acid residue is replaced with an amino acid residue having a similar side 
chain. Families of amino acid residues having similar side chains have been defined in the art. 
These families include amino acids with basic side chains (e.g., lysine, arginine, histidine), acidic 
side chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine, 

30 asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side chains (e g., alanine, 
valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branched side 
chains (e.g., threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, 
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10, 12, 14, 16, 18, 20, 22, 24 or 26). In another embodiment, the antiscnse nucleic acid molecule 
is antisense to a "noncoding region" of the coding strand of a nucleotide sequence encoding 
NOVX. The term "noncoding region" refers to 5' and 3' sequences which flank the coding region 
that are not translated into amino acids (/.«?., also referred to as 5' and 3' untranslated regions). 
5 Given the coding strand sequences encoding NOVX disclosed herein (e.g., SEQ ID NO: 

1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 or 25), antisense nucleic acids of the invention can be 
designed according to the rules of Watson and Crick or Hoogsteen base pairing. The antisense 
nucleic acid molecule can be complementary to the entire coding region of NOVX mRNA, but 
more preferably is an oligonucleotide that is antisense to only a portion of the coding or 

10 noncoding region of NOVX mRNA. For example, the antisense oligonucleotide can be 
complementary to the region surrounding the translation start site of NOVX mRNA. An 
antisense oligonucleotide can be, for example, about 5, 10, 15, 20. 25, 30, 35, 40, 45 or 50 
nucleotides in length. An antisense nucleic acid of the invention can be constructed using 
chemical synthesis or enzymatic ligation reactions using procedures known in the art. For 

1 5 example, an antisense nucleic acid (e.g., an antisense oligonucleotide) can be chemically 

synthesized using naturally occurring nucleotides or variously modified nucleotides designed to 
increase the biological stability of the molecules or to increase the physical stability of the duplex 
formed between the antisense and sense nucleic acids, e.g., phosphorothioate derivatives and 
acridine substituted nucleotides can be used. 

20 Examples of modified nucleotides that can be used to generate the antisense nucleic acid 

include: 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, xanthine, 
4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil. 5-carboxymethylaminomethyl- 
2-thiouridine, 5-carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, 
inosine, N6-isopentenyladenine, 1-methylguanine, 1-methylinosine, 2,2-dimethyIguanine, 

25 2-methyladenine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6-adenine, 
7-methylguanine, 5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, 
beta-D-mannosylqueosine, S'-methoxycarboxymethyluracil, 5-rnethoxyuracil, 

2- methylthio-N6-isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, 
queosine, 2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracih 4-thiouracil, 5-methyluracil, 

30 uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid (v), 5-methyl-2-thiouracil, 

3- (3-amino-3-N-2-carboxypropyI) uracil, (acp3)w, and 2,6-diaminopurine. Alternatively, the 
antisense nucleic acid can be produced biologically using an expression vector into which a 

74 



10 



15 



20 



PCT/US01/0I513 

WO 01/51632 

^tnt;™ (i e RNA transcribed from the 
nncleic acia ha, heen stoned in an aniisense or, «~ » ^ - 
insen ed nudeic acia will * of an amisense — "> 3 

aescnhed further in 0- <— „ aJminislOT a ,o a 

The aniisense nucle.c ac,a molecules of the 

Lhi togt ranscnp,ion^^^^ 

doul)1 e helix. ^ examp,e of a ,ou ^ ^ ^ ^ molecules 

i„venIion incluaes d.rec. mjecuon a. a svslemic ally. For example, for 

sysKm ,c adminishaiion, — molecule « *m ^ _ ^ 

rec e P ,ors or aniens express oh a select eel 1 surfa , *J ^ 

antisense nucleic acid molecules can mnleC ules vector constructs in 
which the antisense nucleic acid molecule pi 

promoter are preferred. mn lecule of the invention is an 

a-anomeric nucleic acid molecule. An a ^ ^ 

sttm as ruh para,le, ,0 each ofher CO-rer - <— " * 

(1987) Nucleic Acids Res 15: or 

(1987) ^"' 215 ;.™ c way ofnonlim ,,i„ S example, modifies, and nudeic 

Such modifications include, Dy y These modifications are 

cam ed ou, a, leasr in par, ,o enhance *. ******* »Hhe ™ 

in a subject. 



25 



30 



75 



W O 01/51632 



PCT/USOl/01513 



NOVX Ribozymes and PNA moieties 

In still another embodiment, an antisense nucleic acid of the invention is a ribozyme. 
Ribozymes are catalytic RNA molecules with ribonuclease activity that are capable of cleaving a 
single-stranded nucleic acid, such as a mRNA, to which they have a complementary region. 
5 Thus, ribozymes (e.g., hammerhead ribozymes (described in Haselhoff and Gerlach (1988) 

Nature 334:585-591)) can be used to catalytically cleave NOVX mRNA transcripts to thereby 
inhibit translation of NOVX mRNA A ribozyme having specificity for a NOVX-encoding 
nucleic acid can be designed based upon the nucleotide sequence of a NOVX DNA disclosed 
herein {i.e., SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25). For example, a 

10 derivative of a Tetrahymena L-19 IVS RNA can be constructed in which the nucleotide sequence 
of the active site is complementary to the nucleotide sequence to be cleaved in a 
NOVX-encoding mRNA. See, e.g. , Cech et aL U.S. Pat. No. 4,987,07 1 ; and Cech et aL U.S. 
Pat. No. 5,1 16,742. Alternatively, NOVX mRNA can be used to select a catalytic RNA having a 
specific ribonuclease activity from a pool of RNA molecules. See, e.g., Bartel et a!. y (1993) 

15 Science 26\:\4\\AA\8. 

Alternatively, NOVX gene expression can be inhibited by targeting nucleotide sequences 
complementary to the regulatory region of the NOVX (e.g., the NOVX promoter and/or 
enhancers) to form triple helical structures that prevent transcription of the NOVX gene in target 
cells. See generally, Helene. ( 1 991 ) Anticancer Drug Des. 6: 569-84; Helene. et aL (1992) Ann. 

20 TV Y Acad. Sci. 660:27-36; and Maher (1992) Bioassays 14: 807-15. 

In various embodiments, the nucleic acids of NOVX can be modified at the base moiety, 
sugar moiety or phosphate backbone to improve, e.g., the stability, hybridization, or solubility of 
the molecule. For example, the deoxyribose phosphate backbone of the nucleic acids can be 
modified to generate peptide nucleic acids (see Hyrup et al. (1996) Bioorg Med Chem 4: 5-23). 

25 As used herein, the terms "peptide nucleic acids" or "PNAs" refer to nucleic acid mimics, e.g., 
DNA mimics, in which the deoxyribose phosphate backbone is replaced by a pseudopeptide 
backbone and only the four natural nucleobases are retained. The neutral backbone of PNAs has 
been shown to allow for specific hybridization to DNA and RNA under conditions of low ionic 
strength. The synthesis of PNA oligomers can be performed using standard solid phase peptide 

30 synthesis protocols as described in Hyrup et aL (1996) above; Perry-O'Keefe et al. (1996) PNAS 
93: 14670-675. 
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5: 539-549). To this end, the oligonucleotide may be conjugated to another molecule, e.g., a 
peptide, a hybridization triggered cross-linking agent, a transport agent, a hybridization-triggered 
cleavage agent, etc. 

5 NOVX Polypeptides 

A NOVX polypeptide of the invention includes the NOVX-like protein whose sequence 
is provided inSEQIDNO: 2,4,6,8, 10, 12, 14, 16, 18, 20, 22, 24 or 26. The invention also 
includes a mutant or variant protein any of whose residues may be changed from the 
corresponding residue shown in SHQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26 while 
10 still encoding a protein that maintains its NOVX-like activities and physiological functions, or a 
functional fragment thereof In some embodiments, up to 20% or more of the residues may be so 
changed in the mutant or variant protein. In some embodiments, the NOVX polypeptide 
according to the invention is a mature polypeptide. 

In general, a NOVX -like variant that preserves NOVX-like function includes any variant 
15 in which residues at a particular position in the sequence have been substituted by other amino 
acids, and further include the possibility of inserting an additional residue or residues between 
two residues of the parent protein as well as the possibility of deleting one or more residues from 
the parent sequence. Any amino acid substitution, insertion, or deletion is encompassed by the 
invention. In favorable circumstances, the substitution is a conservative substitution as defined 
20 above- 
One aspect of the invention pertains to isolated NOVX proteins, and biologically active 
portions thereof, or derivatives, fragments, analogs or homologs thereof Also provided are 
polypeptide fragments suitable for use as immunogens to raise anti-NOVX antibodies. In one 
embodiment, native NOVX proteins can be isolated from cells or tissue sources by an 
25 appropriate purification scheme using standard protein purification techniques. In another 

embodiment, NOVX proteins are produced by recombinant DNA techniques. Alternative to 
recombinant expression, a NOVX protein or polypeptide can be synthesized chemically using 
standard peptide synthesis techniques. 

An "isolated" or "purified" protein or biologically active portion thereof is substantially 
30 free of cellular material or other contaminating proteins from the cell or tissue source from which 
the NOVX protein is derived, or substantially free from chemical precursors or other chemicals 
when chemically synthesized. The language "substantially free of cellular material" includes 
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preparations of NOVX protein in which the protein is separated from cellular components of the 
cells from wh,ch it is isolated or recombinant* produced. In one embodiment, the language 
'.substantially free of cellular material" includes preparations of NOVX protein having less than 
about 30% (by dry weight) of non-NOVX protein (also referred to herein as a "contaminating 
protein") more preferably less than about 20% of non-NOVX protein, still more preferably less 
than about 10% of non-NOVX protein, and most preferably less than about 5% non-NOVX 
protein When the NOVX protein or biologically active portion thereof is recombmantly 
produced, it is also preferably substantially free of culture medium, U , culture medium 
represents less than about 20%, more preferably less than about 10%, and most preferably less 
than about 5% of the volume of the protein preparation. 

The language "substantially free of chemical precursors or other chemicals" includes 
preparations of NOVX protein in which the protein is separated from chemica. precursors or 
other chemicals that are involved in the synthesis of the protein. In one embodiment, the 
language "substantially free of chemical precursors or other chemicals" includes preparations of 
NOVX protein having less than about 30% (by dry weight) of chemical precursors or 
non-NOVX chemicals, more preferably less than about 20% chemical precursors or non-NOVX 
chemicals, still more preferably less than about 10% chemical precursors or non-NOVX 
chemicals, and most preferably less than about 5% chemical precursors or non-NOVX 
chemicals. 

Biologically active portions of a NOVX protein include peptides comprising amino acid 
sequences sufficiently homologous to or derived from the amino acid sequence of the NOVX 
protein, e.g., the amino acid sequence shown in SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 1 8, 20, 22, 
24 or 26 that include fewer amino acids than the full length NOVX proteins, and exhibit at least 
one activity of a NOVX protein. Typically, biologically active portions comprise a domam or 
motif with at least one activity of the NOVX protein. A biologically active portion of a NOVX 
protein can be a polypeptide which is, for example, 10, 25, 50, 100 or more amino ac.ds m 
length. 

A biologically active portion of a NOVX protein of the present invention may contain at 
least one of the above-identified domains conserved between the NOVX proteins, e.g. TSR 
modules. Moreover, other biologically active portions, in which other regions of the protein are 
deleted, can be prepared by recombinant techniques and evaluated for one or more of the 
functional activities of a native NOVX protein. 
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In an embodiment, the NOVX protein has an amino acid sequence shown in SEQ ID NO: 
2,4,6,8, 10, 12, 14, 16, 1 8, 20, 22, 24 or 26. In other embodiments, the NOVX protein is 
substantially homologous to SEQ ID NO: 2,4, 6, 8, 10, 12. 14, 16, 18, 20, 22, 24 or 26 and 
retains the functional activity of the protein of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 
5 24 or 26 yet differs in amino acid sequence due to natural allelic variation or mutagenesis, as 
described in detail below. Accordingly, in another embodiment, the NOVX protein is a protein 
that comprises an amino acid sequence at least about 45% homologous to the amino acid 
sequence of SEQ ID NO: 2, 4, 6, 8, 1 0, 1 2, 1 4, 1 6, 1 8, 20, 22, 24 or 26 and retains the functional 
activity of the NOVX proteins of SEQ ID NO: 2, 4,6,8, 10. 12, 14, 16, 18,20, 22,24 or 26. 

10 

Determining homology between two or more sequence 

To determine the percent homology of two amino acid sequences or of two nucleic acids, 
the sequences are aligned for optimal comparison purposes (e.g., gaps can be introduced in either 
of the sequences being compared for optimal alignment between the sequences). The amino acid 

15 residues or nucleotides at corresponding amino acid positions or nucleotide positions are then 
compared. When a position in the first sequence is occupied by the same amino acid residue or 
nucleotide as the corresponding position in the second sequence, then the molecules are 
homologous at that position (i.e., as used herein amino acid or nucleic acid "homology" is 
equivalent to amino acid or nucleic acid "identity"). 

20 The nucleic acid sequence homology may be determined as the degree of identity 

between two sequences. The homology may be determined using computer programs known in 
the art, such as GAP software provided in the GCG program package. See, Needleman and 
Wunsch \91QJMol Biol 48: 443-453. Using GCG GAP software with the following settings for 
nucleic acid sequence comparison: GAP creation penalty of 5.0 and GAP extension penalty of 

25 0.3, the coding region of the analogous nucleic acid sequences referred to above exhibits a degree 
of identity preferably of at least 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99%, with the CDS 
(encoding) part of the DNA sequence shown in SEQ ID NO: 1,3,5,7,9, 11, 13, 15, 17, 19,21, 
23 or 25. 

The term "sequence identity" refers to the degree to which two polynucleotide or 
30 polypeptide sequences are identical on a residue-by-residue basis over a particular region of 
comparison. The term "percentage of sequence identity" is calculated by comparing two 
optimally aligned sequences over that region of comparison, determining the number of positions 
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at which the identical nucleic acid base (e.g.. A, T, C, G, U, or I, in the case of nucleic acids) 
occurs in both sequences to yield the number of matched positions, dividing the number of 
matched positions by the total number of positions in the region of comparison (i.e., the window 
si*) and multiplying the result by 100 to yield the percentage of sequence identity. The term 
"substantial identity" as used herein denotes a characteristic of a polynucleotide sequence, 
wherein the polynucleotide comprises a sequence that has at least 80 percent sequence identity, 
preferably at least 85 percent identity and often 90 to 95 percent sequence identity, more usually 
at least 99 percent sequence identity as compared to a reference sequence over a comparison 
region The term "percentage of positive residues" is calculated by comparing two optimally 
aligned sequences over that region of comparison, determining the number of positions at which 
the identical and conservative amino acid substitutions, as defined above, occur in both 
sequences to yield the number of matched positions, dividing the number of matched po^ons 
by the total number of positions in the region of comparison {i.e., the window size), and 
multiplying the result by 100 to yield the percentage of positive residues. 

Chimeric and fusion proteins 

The invention also provides NOVX chimeric or fusion proteins. As used herein, a 
NOVX "chimeric protein" or "fusion protein" comprises a NOVX polypeptide operatively linked 
to a non-NOVX polypeptide. An "NOVX polypeptide" refers to a polypeptide having an amino 
acid sequence corresponding to NOVX, whereas a "non-NOVX polypeptide" refers to a 
polypeptide having an amino acid sequence corresponding to a protein that is not substantially 
homologous to the NOVX protein, , g . , a protein that is different from the NOVX protein and 
that is derived from the same or a different organism. Within a NOVX fusion protein the NOVX 
polypeptide can correspond to all or a portion of a NOVX protein. In one embodiment, a NOVX 
25 fusion protein comprises at least one biologically active portion of aNOVX protein. In another 
embodiment, a NOVX fusion protein comprises at least two biologically active portions of a 
NOVX protein. Within the fusion protein, the term "operatively linked" is intended to indicate 
that the NOVX polypeptide and the non-NOVX polypeptide are fused in-frame to each other. 
The non-NOVX polypeptide can be fused to the N-terminus or C-terminus of the NOVX 
30 polypeptide. 

For example, in one embodiment a NOVX fus.on protein comprises a NOVX polypeptide 
operably linked to the extracellular domain of a second protein. Such fusion proteins can be 
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further utilized in screening assays for compounds that modulate NOVX activity (such assays are 
described in detail below). 

In another embodiment, the fusion protein is a GST-NOVX fusion protein in which the 
NOVX sequences are fused to the C-terminus of the GST (/.<?., glutathione S-transferase) 
5 sequences. Such fusion proteins can facilitate the purification of recombinant NOVX. 

In another embodiment, the fusion protein is a NOVX-immunoglobulin fusion protein in 
which the NOVX sequences comprising one or more domains are fused to sequences derived 
from a member of the immunoglobulin protein family. The NOVX-immunoglobulin fusion 
proteins of the invention can be incorporated into pharmaceutical compositions and administered 

10 to a subject to inhibit an interaction between a NOVX ligand and a NOVX protein on the surface 
of a cell, to thereby suppress NOVX-mediated signal transduction in vivo. In one nonlimiting 
example, a contemplated NOVX ligand of the invention is the NOVX receptor. The 
NOVX-immunoglobulin fusion proteins can be used to affect the bioavailability of a NOVX 
cognate ligand. Inhibition of the NOVX ligand/NOVX interaction may be useful therapeutically 

15 for both the treatment of proliferative and differentiative disorders, e,g., cancer as well as 
modulating (e.g., promoting or inhibiting) cell survival, as well as acute and chronic 
inflammatory disorders and hyperplastic wound healing, e.g. hypertrophic scars and keloids. 
Moreover, the NOVX-immunoglobulin fusion proteins of the invention can be used as 
immunogens to produce anti-NOVX antibodies in a subject, to purify NOVX ligands, and in 

20 screening assays to identify molecules that inhibit the interaction of NOVX with a NOVX ligand. 
A NOVX chimeric or fusion protein of the invention can be produced by standard 
recombinant DNA techniques. For example, DNA fragments coding for the different 
polypeptide sequences are ligated together in-frame in accordance with conventional techniques, 
e.g., by employing blunt-ended or stagger-ended termini for ligation, restriction enzyme 

25 digestion to provide for appropriate termini, filling-in of cohesive ends as appropriate, alkaline 
phosphatase treatment to avoid undesirable joining, and enzymatic ligation. In another 
embodiment, the fusion gene can be synthesized by conventional techniques including automated 
DNA synthesizers. Alternatively, PCR amplification of gene fragments can be carried out using 
anchor primers that give rise to complementary overhangs between two consecutive gene 

30 fragments that can subsequently be annealed and reamplified to generate a chimeric gene 

sequence (sec, for example, Ausubel et al. (cds.) CURRENT PROTOCOLS in MOLECULAR BIOLOGY, 
John Wiley & Sons, 1992). Moreover, many expression vectors are commercially available that 
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Tetrahedron 39:3; Itakura et aL (1984) Annu Rev Biochem 53:323; Itakura et aL (1984) Science 
1 98:1 056; Ike et al. { 1 983) Nucl Acid Res 1 1 'All. 

Polypeptide libraries 

5 In addition, libraries of fragments of the NOVX protein coding sequence can be used to 

generate a variegated population of NOVX fragments for screening and subsequent selection of 
variants of a NOVX protein. In one embodiment, a library of coding sequence fragments can be 
generated by treating a double stranded PCR fragment of a NOVX coding sequence with a 
nuclease under conditions wherein nicking occurs only about once per molecule, denaturing the 

10 double stranded DNA, renaturing the DNA to form double stranded DNA that can include 

sense/antisense pairs from different nicked products, removing single stranded portions from 
reformed duplexes by treatment with SI nuclease, and ligating the resulting fragment library into 
an expression vector. By this method, an expression library can be derived which encodes 
N-terminal and internal fragments of various sizes of the NOVX protein. 

15 Several techniques are known in the art for screening gene products of combinatorial 

libraries made by point mutations or truncation, and for screening cDNA libraries for gene 
products having a selected property. Such techniques are adaptable for rapid screening of the 
gene libraries generated by the combinatorial mutagenesis of NOVX proteins. The most widely 
used techniques, which are amenable to high throughput analysis, for screening large gene 

20 libraries typically include cloning the gene library into replicable expression vectors, 
transforming appropriate cells with the resulting library of vectors, and expressing the 
combinatorial genes under conditions in which detection of a desired activity facilitates isolation 
of the vector encoding the gene whose product was detected. Recrusive ensemble mutagenesis 
(REM), a new technique that enhances the frequency of functional mutants in the libraries, can 

25 be used in combination with the screening assays to identify NOVX variants (Arkin and Yourvan 
(1992) PNAS 89:781 1-7815; Delgrave et al. (1993) Protein Engineering 6:327-33 1). 

NOVX Antibodies 

Also included in the invention are antibodies to NOVX proteins, or fragments of NOVX 
30 proteins. The term "antibody" as used herein refers to immunoglobulin molecules and 

immunologically active portions of immunoglobulin (Ig) molecules, i.e., molecules that contain 
an antigen binding site that specifically binds (immunoreacts with) an antigen. Such antibodies 
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,„c,„de bu, are no, Imnted «o, poiyclonal, monoclona,, ch,mer,c, single chain, F «■ F« 

„ library In general, an antibody molecule obtamed Iran, 

fragments, and an F, express, n „br^ ng ^ ^ ^ ^ 

- "** » "* * daSSeS I. L Ccl classes have subclasses as .ell, 

subclasses and ,ypes of human antibody speces, 

A. isolated NOVX-re,a,ed protein of the invention may be ,n,ended ,0 serve a^ 
.tigen or a portion or fragment thereof, and addinonally can be used as an immuno gen o 
T I antildies tha, —penally bind the an,igen, using suandard techmoues for 
generate ammo fu ii.lcnEth protein can be used or, 

polyclonal and monoclonal antibody preparat.on. The Ml length p 
Itemattvely, me invention provides antigenic peptide fragments of the ant.gen for use 

amino acid sequence of the full length protein, such as an ammo aerd sequence shown 
Z Tl 8 10 ,2 .4, 16, ,8,or20,a„dc„compasscsanepi.ope« 1 ere„fsuch,na,an 

,eas, ,0 amino acid residues, or a, leas, 1 5 am.no ae,d residues, or a, leas, 2 ™n ^ 

. j ..,„ preferred epitopes encompassed by the antigenic 
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ln cer,a,„ embodiments of dte invention, „ leas, one epitope * * 
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f t-nn See e * Hopp and Woods, 1981, Proc. Afa/. Acad Scu USA 78. 
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antigenic protein, or derivatives, fragments, analogs or homologs thereof, are also provided 
herein. 

A protein of the invention, or a derivative, fragment, analog, homolog or ortholog thereof, 
may be utilized as an immunogen in the generation of antibodies that immunospecifically bind 
5 these protein components. 

Various procedures known within the art may be used for the production of polyclonal or 
monoclonal antibodies directed against a protein of the invention, or against derivatives, 
fragments, analogs homologs or orthologs thereof (see, for example, Antibodies: A Laboratory 
Manual, Harlow E, and Lane D, 1988, Cold Spring Harbor Laboratory Press, Cold Spring 
10 Harbor, NY, incorporated herein by reference). Some of these antibodies are discussed below. 

Polyclonal Antibodies 

For the production of polyclonal antibodies, various suitable host animals (e.g., rabbit, 
goat, mouse or other mammal) may be immunized by one or more injections with the native 

1 5 protein, a synthetic variant thereof, or a derivative of the foregoing. An appropriate 

immunogenic preparation can contain, for example, the naturally occurring immunogenic 
protein, a chemically synthesized polypeptide representing the immunogenic protein, or a 
recombinantly expressed immunogenic protein. Furthermore, the protein may be conjugated to 
a second protein known to be immunogenic in the mammal being immunized. Examples of such 

20 immunogenic proteins include but are not limited to keyhole limpet hemocyanin, serum albumin, 
bovine thyroglobulin, and soybean trypsin inhibitor. The preparation can further include an 
adjuvant. Various adjuvants used to increase the immunological response include, but are not 
limited to, Freund's (complete and incomplete), mineral gels (e.g., aluminum hydroxide), surface 
active substances (e.g., lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions, 

25 dinitrophenol, etc.), adjuvants usable in humans such as Bacille Calmette-Guerin and 

Corynebacterium parvum, or similar immunostimulatory agents. Additional examples of 
adjuvants which can be employed include MPL-TDM adjuvant (monophosphoryl Lipid A, 
synthetic trehalose dicorynomycolate). 

The polyclonal antibody molecules directed against the immunogenic protein can be 

30 isolated from the mammal (e.g., from the blood) and further purified by well known techniques, 
such as affinity chromatography using protein A or protein G, which provide primarily the IgG 
fraction of immune serum. Subsequently, or alternatively, the specific antigen which is the target 
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of ,„e m—bulin sou g ,«, or an epUope .hereof, may be on a column ,o pun* 

te immune specific anybody by .mmunoaffini.y chron,a,o g raphy. Punf,ca.,on of 
globulins is d.scussed, for example, by D. WilKinson (The Seen,,,, pushed by The 
Sc.en.is, inc., Phi,ade,phia PA, Vd. M. No. 8 (April .7, 2000), pp. 25-28). 



Monoclonal Antibodies 

The ,erm '—na, -body" (MAb) or —na, anybody compos,„on , as used 
herein refers ,o a popu,»,ion of an.ibod, molecules Ura, co„,a,„ only one molecular s^es of 
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ling si,= capable of immun„reac,.n g wHb a par.icu.ar epi.ope of ,be amigen cbarac.er.ed by 
a unique binding affinity for it. 

Monoc.ona, anybodies can be prepared using hybridoma mernods, such as .hose 
descnW by Kohler and M,.s.e,n, Na^, 2.56:495 (.975). .n a bybndoma me,hod a mouse 
hi ,er o, o,he, approve bos, animal, is „pica„, — d w,.b an i_, 1 agen, ° 
r^pbocyesl, produce or are capable of produci„ g an,bod K s ,ha,wi„ speedy b,nd 
,0 .be immumzing agen, A,,ema,,ve,y, .he lymphocytes can be i_d ,» ^ 

Tbe ton**** a g en. wi,l Really include ,be p,o.ein ^ a f,a g men, .hereof or a 
HB pro ,ei„ .bereof. Gently, either peripheral « lympbocy.es are used .fee Is of hum» 
!: „:edes,red,„rsp,eence„s or .ympbnode cells H e used ,f no,buman mamma,— 
are de S ired. Tbe lymphcy.es are .ben fused win, an —zed cel, Une us,n B a sm-e 
teing a g en, sucb as polyene glycol, .0 form a hybridoma cell (Godmg, Mo^ 
l^^^^ AcademicPress, (1986) pp. 5,10V, — ^ ' - 
^^^^ cells, particularly myeloma ce„s of roden, bovme and 
12 g in. Usual,, ra, or mouse myeloma eel, Hues are employed. Tbe bybndoma ce Is can 

,„hibi, .be grow* or surv.va, of the u„ fe ed, in—d cells. For example^ .f *= pa-al 
cel ,s lacx .be enzyme hypox—ne g uanine phosphonbosy, unerase (HGPRT or HPRT,, 
, culmre medium for .be bybridomas ,ypica„y will include hypoxanthine, aminoptenn, a d 
.hymidine ("HAT med, U m,, which subs.anccs preven, ,be g rowth of HGPKT-deficen. cells. 
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Preferred immortalized eel] lines are those that fuse efficiently, support stable high level 
expression of antibody by the selected antibody-producing cells, and are sensitive to a medium 
such as HAT medium. More preferred immortalized cell lines are murine myeloma lines, which 
can be obtained, for instance, from the Salk Institute Cell Distribution Center, San Diego, 
5 California and the American Type Culture Collection, Manassas, Virginia. Human myeloma and 
mouse-human heteromyeloma cell lines also have been described for the production of human 
monoclonal antibodies (Kozbor, J. Immunol. , 133:3001 (1984); Brodeur et al., Monoclonal 
Antibody Production Techniques and Applications , Marcel Dekker, Inc., New York, (1987) pp. 
51-63). 

10 The culture medium in which the hybridoma cells are cultured can then be assayed for the 

presence of monoclonal antibodies directed against the antigen. Preferably, the binding 
specificity of monoclonal antibodies produced by the hybridoma cells is determined by 
immunoprecipitation or by an in vitro binding assay, such as radioimmunoassay (RIA) or 
enzyme-linked immunoabsorbent assay (ELISA). Such techniques and assays are known in the 

15 art. The binding affinity of the monoclonal antibody can, for example, be determined by the 
Scatchard analysis of Munson and Pollard, Anal. Biocheiru 107:220 (1980). Preferably, 
antibodies having a high degree of specificity and a high binding affinity for the target antigen 
are isolated. 

After the desired hybridoma cells are identified, the clones can be subcloned by limiting 
20 dilution procedures and grown by standard methods. Suitable culture media for this purpose 
include, for example, Dulbecco s Modified Eagle's Medium and RPMI-1640 medium. 
Alternatively, the hybridoma cells can be grown iv vivo as ascites in a mammal. 

The monoclonal antibodies secreted by the subclones can be isolated or purified from the 
culture medium or ascites fluid by conventional immunoglobulin purification procedures such as, 
25 for example, protein A-Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis, 
or affinity chromatography. 

The monoclonal antibodies can also be made by recombinant DNA methods, such as 
those described in U.S. Patent No. 4,816,567. DNA encoding the monoclonal antibodies of the 
invention can be readily isolated and sequenced using conventional procedures (e.g., by using 
30 oligonucleotide probes that are capable of binding specifically to genes encoding the heavy and 
light chains of murine antibodies). The hybridoma cells of the invention serve as a preferred 
source of such DNA. Once isolated, the DNA can be placed into expression vectors, which are 
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• mobile Chinese hamster ovary (CHO) cells, or 
then transfected into host cells such as simian COS cells, Chinese n 

* u ♦ , 0 iic Thp HNA also can be modnied, ior 
monoclonal antibodies in the recombinant host cells. The DN A also 
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invention to create a chimeric bivalent antibody. 

numanized antibodies or human antibodies. These antics « suuable for —anon ,0 
L» wi.hou, en g e„derin 8 an immune response by the human again*, the a m.mstcred 
immU no 8 iobulin. Humanized forms of antibodies are ch.meric immuno^buhns 
imm „„„ g.obnlin chains or foments thereof (such as P.. Fab, Fa*. F,a,,, or outer anbgen- 
bILg ubseo,ences of an,ibod,es, tha, are principal comprised of the sequence of a uman 
mmul g lobu,in, and contain minima, science denved from a non-human tmmunoglob h • 
Human! a.ion can ta performed following the method of Winter and CO— ,„n « , 
Nature, 321:522-525 (,»,; Riechmann C, a,., ^ ^323-327 Verhoeyen e, a,., 

^~ce 239 1534-1536 (,988),, by substituting rodent CDRs or CDR seauences for 

nsZes Fv framework residues of me human immuno g ,obu,in are replaced by correspond ng 

" residues. H^-**.--- — — 

in lbe recipient antibt^y nor in the imported CDR or framework seauences. genera,, me 
Humanized antibody will comprise substantiaUy a„ of a, ,east one, and ,yp,ca„y two, vanab.e 
humanizedanno correspon d to those of a non-human 

domains, in which all or substantially a„ of the CDR regions Co p 
imm uno g lobuh„ and a„ o, substantia,* all of the framework regions are those of human 
Zunoglobulin consensus se q ue„ce. The humanized antibody optimal,, also w,„ compr.se a, 
.cas, a portion of an .mmunoglobul.n cons«an, reg.on (Fc), .ypically ma. of a human 
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immunoglobulin (Jones et al., 1 986; Riechmann et al., 1988; and Presta, Curr. Op. Struct. Biol. , 
2:593-596(1992)). 

Human Antibodies 

5 Fully human antibodies relate to antibody molecules in which essentially the entire 

sequences of both the light chain and the heavy chain, including the CDRs, arise from human 
genes. Such antibodies arc termed "human antibodies", or "fully human antibodies" herein. 
Human monoclonal antibodies can be prepared by the trioma technique; the human B-cell 
hybridoma technique (see Kozbor, et al., 1983 Immunol Today 4: 72) and the EBV hybridoma 

10 technique to produce human monoclonal antibodies (see Cole, et al., 1985 In: Monoclonal 
Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). Human monoclonal 
antibodies may be utilized in the practice of the present invention and may be produced by using 
human hybridomas (see Cote, et al., 1983. Proc Natl Acad Sci USA 80: 2026-2030) or by 
transforming human B-cells with Epstein Ban* Virus in vitro (see Cole, et al.. 1985 In: 

15 Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). 

In addition, human antibodies can also be produced using additional techniques, 
including phage display libraries (Hoogenboom and Winter, J. Mol. Biol. , 227 :381 (1991); 
Marks et al., J. Mol. Biol. , 222 :581 (1991)). Similarly, human antibodies can be made by 
introducing human immunoglobulin loci into transgenic animals, e.g., mice in which the 

20 endogenous immunoglobulin genes have been partially or completely inactivated. Upon 

challenge, human antibody production is observed, which closely resembles that seen in humans 
in all respects, including gene rearrangement, assembly, and antibody repertoire. This approach 
is described, for example, in U.S. Patent Nos. 5,545,807; 5.545,806; 5,569,825; 5,625,126; 
5,633,425; 5,661,016, and in Marks et al. (Bio/Technology 10, 779-783 (1992)); Lonberg et al. 

25 ( Nature 368 856-859 ( 1 994)); Morrison ( Nature 368, 812-13 (1 994)); Fishwild et al,( Nature 
Biotechnology J4, 845-5 1 ( 1 996)); Neuberger (Nature Biotechnology 14, 826 ( 1 996)); and 
Lonberg and Huszar ( Intern. Rev. Immunol. 1 3 65-93 (1995)). 

Human antibodies may additionally be produced using transgenic nonhuman animals 
which are modified so as to produce fully human antibodies rather than the animal's endogenous 

30 antibodies in response to challenge by an antigen. (See PCT publication WO94/02602), The 

endogenous genes encoding the heavy and light immunoglobulin chains in the nonhuman host 
have been incapacitated, and active loci encoding human heavy and light chain immunoglobulins 
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are inserted into the host's genome. The human genes are incorporated, for example, using yeast 
artificial chromosomes containing the requisite human DNA segments. An animal which 
provides all the desired modifications is then obtained as progeny by crossbreeding intermediate 
transgenic animals containing fewer than the full complement of the modifications. The 
5 preferred embodiment of such a nonhuman animal is a mouse, and is termed the Xenomouse™ as 
disclosed in PCT publications WO 96/33735 and WO 96/34096. This animal produces B cells 
which secrete fully human immunoglobulins. The antibodies can be obtained directly from the 
animal after immunization with an immunogen of interest, as, for example, a preparation of a 
polyclonal antibody, or alternatively from immortalized B cells derived from the animal, such as 

10 hybridomas producing monoclonal antibodies. Additionally, the genes encoding the 

immunoglobulins with human variable regions can be recovered and expressed to obtain the 
antibodies directly, or can be further modified to obtain analogs of antibodies such as, for 
example, single chain Fv molecules. 

An example of a method of producing a nonhuman host, exemplified as a mouse, lacking 

15 expression of an endogenous immunoglobulin heavy chain is disclosed in U.S, Patent No. 

5,939,598. It can be obtained by a method including deleting the J segment genes from at least 
one endogenous heavy chain locus in an embryonic stem cell to prevent rearrangement of the 
locus and to prevent formation of a transcript of a rearranged immunoglobulin heavy chain locus, 
the deletion being effected by a targeting vector containing a gene encoding a selectable marker; 

20 and producing from the embryonic stem cell a transgenic mouse whose somatic and germ cells 
contain the gene encoding the selectable marker. 

A method for producing an antibody of interest, such as a human antibody, is disclosed in 
U.S. Patent No. 5,916,771. It includes introducing an expression vector that contains a 
nucleotide sequence encoding a heavy chain into one mammalian host cell in culture, introducing 

25 an expression vector containing a nucleotide sequence encoding a light chain into another 

mammalian host cell, and fusing the two cells to form a hybrid cell. The hybrid cell expresses an 
antibody containing the heavy chain and the light chain. 

In a further improvement on this procedure, a method for identifying a clinically relevant 
epitope on an immunogen, and a correlative method for selecting an antibody that binds 

30 immunospecifically to the relevant epitope with high affinity, are disclosed in PCT publication 
WO 99/53049. 
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F ab Fragments and Single Chain Antibodies 

According to the invention, techniques can be adapted for the production of single-chain 
antibodies specific to an antigenic protein of the invention (see e.g., U.S. Patent No. 4,946,778). 
In addition, methods can be adapted for the construction of F ab expression libraries (see e.g., 
5 Huse, etal., 1989 Science 246: 1275-128 1 ) to allow rapid and effective identification of 

monoclonal F ab fragments with the desired specificity for a protein or derivatives, fragments, 
analogs or homologs thereof Antibody fragments that contain the idiotypes to a protein antigen 
may be produced by techniques known in the art including, but not limited to: (i) an F (ab)2 
fragment produced by pepsin digestion of an antibody molecule; (ii) an F ab fragment generated 
10 by reducing the disulfide bridges of an F (ob02 fragment; (iii) an F ab fragment generated by the 
treatment of the antibody molecule with papain and a reducing agent and (iv) F v fragments. 

Bispccific Antibodies 

Bispecific antibodies are monoclonal, preferably human or humanized, antibodies that 

15 have binding specificities for at least two different antigens. In the present case, one of the 

binding specificities is for an antigenic protein of the invention. The second binding target is any 
other antigen, and advantageously is a cell-surface protein or receptor or receptor subunit. 

Methods for making bispecific antibodies are known in the art. Traditionally, the 
recombinant production of bispecific antibodies is based on the co-expression of two 

20 immunoglobulin heavy-chain/light-chain pairs, where the two heavy chains have different 
specificities (Milstein and Cuello, Nature , 305 :537-539 (1983)). Because of the random 
assortment of immunoglobulin heavy and light chains, these hybridomas (quadromas) produce a 
potential mixture of ten different antibody molecules, of which only one has the correct 
bispecific structure. The purification of the correct molecule is usually accomplished by affinity 

25 chromatography steps. Similar procedures are disclosed in WO 93/08829, published 1 3 May 
1993, and in Traunecker et aL, 1991 EMBOJ. y 10:3655-3659. 

Antibody variable domains with the desired binding specificities (antibody-antigen 
combining sites) can be fused to immunoglobulin constant domain sequences. The fusion 
preferably is with an immunoglobulin heavy-chain constant domain, comprising at least part of 

30 the hinge, CH2, and CH3 regions. It is preferred to have the first heavy-chain constant region 

(CHI) containing the site necessary for light-chain binding present in at least one of the fusions. 
DNAs encoding the immunoglobulin heavy-chain fusions and, if desired, the immunoglobulin 
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ci«n vectors and are co-transfected into a suitable 
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,1 Methods inEnzvmojogy, 121-21 0(1986). 
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25 Additionally, rao b nv? 17-225 (1992) describe 
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30 overexposing the ErbB2 receptor and norma, human T ce„s, as we,, as ,,. 88 er the ,yt,c 
of human cytotoxic ,ym P hocytes against human breast tumor targets. 
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Various techniques for making and isolating bispecific antibody fragments directly from 
recombinant cell culture have also been described. For example, bispecific antibodies have been 
produced using leucine zippers. Kostelny et al., J. Immunol. 148(5): 1 547-1 553 (1992). The 
leucine zipper peptides from the Fos and Jun proteins were linked to the Fab' portions of two 
5 different antibodies by gene fusion. The antibody homodimers were reduced at the hinge region 
to form monomers and then re-oxidized to form the antibody heterodimers. This method can 
also be utilized for the production of antibody homodimers. The "diabody" technology described 
by Hollinger et al., Proc. Natl. Acad. Sci. USA 90:6444-6448 (1 993) has provided an alternative 
mechanism for making bispecific antibody fragments. The fragments comprise a heavy-chain 

10 variable domain (V H ) connected to a light-chain variable domain (V L ) by a linker which is too 
short to allow pairing between the two domains on the same chain. Accordingly, the V H and V L 
domains of one fragment are forced to pair with the complementary V L and V H domains of 
another fragment, thereby forming two antigen-binding sites. Another strategy for making 
bispecific antibody fragments by the use of single-chain Fv (sFv) dimers has also been reported. 

15 See, Gruber etal., J. Immunol. 152:5368 (1994). 

Antibodies with more than two valencies are contemplated. For example, trispecific 
antibodies can be prepared. Tutt et al., J. Immunol. 147:60 (1991). 

Exemplary bispecific antibodies can bind to two different epitopes, at least one of which 
originates in the protein antigen of the invention. Alternatively, an anti-antigenic arm of an 

20 immunoglobulin molecule can be combined with an arm which binds to a triggering molecule on 
a leukocyte such as a T-cell receptor molecule (e.g. CD2, CD3, CD28, or B7), or Fc receptors for 
IgG (Fc R), such as Fc RI (CD64), Fc RII (CD32) and Fc RIII (CD1 6) so as to focus cellular 
defense mechanisms to the cell expressing the particular antigen. Bispecific antibodies can also 
be used to direct cytotoxic agents to cells which express a particular antigen. These antibodies 

25 possess an antigen-binding arm and an arm which binds a cytotoxic agent or a radionuclide 

chelator, such as EOTUBE, DPTA, DOTA, or TETA. Another bispecific antibody of interest 
binds the protein antigen described herein and further binds tissue factor (TF). 

Heteroconjugate Antibodies 

30 Heteroconjugate antibodies are also within the scope of the present invention. 

Heteroconjugate antibodies are composed of two covalently joined antibodies. Such antibodies 
have, for example, been proposed to target immune system cells to unwanted cells (U.S. Patent 
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radionuclides are available for the production of radioconjugated antibodies. Examples include 
2l2 Bi, 13, I, 13 V 90 Y, and ,86 Re. 

Conjugates of the antibody and cytotoxic agent are made using a variety of Afunctional 
protein-coupling agents such as N-succirumidyl-3-(2-pyridyldithiol) propionate (SPDP), 
5 iminothiolane (IT), Afunctional derivatives of imidoesters (such as dimethyl adipimidate HCL), 
active esters (such as disuccinimidyl suberate), aldehydes (such as glutareldehyde), bis-azido 
compounds (such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium derivatives (such as 
bis-(p-diazoniumbenzoyl)-ethylenediamine), diisocyanates (such as tolyene 2,6-diisocyanate), 
and bis-active fluorine compounds (such as l,5-difluoro-2,4-dinitrobenzene). For example, a 
10 ricin immunotoxin can be prepared as described in Vitetta et al., Science. 238: 1098 (1987). 

Carbon- 14-labeled l-isothiocyanatobenzyl-3-methyldiethylene triaminepentaacetic acid (MX- 
DTPA) is an exemplary chelating agent for conjugation of radionucleotide to the antibody. See 
WO94/11026. 

In another embodiment, the antibody can be conjugated to a "receptor" (such streptavidin) 
1 5 for utilization in tumor pretargeting wherein the antibody-receptor conjugate is administered to 
the patient, followed by removal of unbound conjugate from the circulation using a clearing 
agent and then administration of a "ligand" (e.g., avidin) that is in turn conjugated to a cytotoxic 
agent. 

20 NOVX Recombinant Expression Vectors and Host Cells 

Another aspect of the invention pertains to vectors, preferably expression vectors, 
containing a nucleic acid encoding a NOVX protein, or derivatives, fragments, analogs or 
homologs thereof. As used herein, the term "vector" refers to a nucleic acid molecule capable of 
transporting another nucleic acid to which it has been linked. One type of vector is a "plasmid", 

25 which refers to a circular double stranded DNA loop into which additional DNA segments can be 
ligated. Another type of vector is a viral vector, wherein additional DNA segments can be ligated 
into the viral genome. Certain vectors are capable of autonomous replication in a host cell into 
which they are introduced (e.g., bacterial vectors having a bacterial origin of replication and 
episomal mammalian vectors). Other vectors (e.g., non-episomal mammalian vectors) are 

30 integrated into the genome of a host cell upon introduction into the host cell, and thereby are 
replicated along with the host genome. Moreover, certain vectors are capable of directing the 
expression of genes to which they are operatively-linked. Such vectors are referred to herein as 
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Calif. (1990). Alternatively, the recombinant expression vector can be transcribed and translated 
in vitro, for example using T7 promoter regulatory sequences and T7 polymerase. 

Expression of proteins in prokaryotes is most often carried out in Escherichia colt with 
vectors containing constitutive or inducible promoters directing the expression of either fusion or 
5 non-fusion proteins. Fusion vectors add a number of amino acids to a protein encoded therein, 
usually to the amino terminus of the recombinant protein. Such fusion vectors typically serve 
three purposes: (?) to increase expression of recombinant protein; (ii) to increase the solubility of 
the recombinant protein; and (///) to aid in the purification of the recombinant protein by acting 
as a ligand in affinity purification. Often, in fusion expression vectors, a proteolytic cleavage site 

10 is introduced at the junction of the fusion moiety and the recombinant protein to enable 

separation of the recombinant protein from the fusion moiety subsequent to purification of the 
fusion protein. Such enzymes, and their cognate recognition sequences, include Factor Xa, 
thrombin and enterokinase. Typical fusion expression vectors include pGEX (Pharmacia Biotech 
Inc; Smith and Johnson, 1988. Gene 67: 31-40), pMAL (New England Biolabs, Beverly, Mass.) 

1 5 and pRIT5 (Pharmacia, Piscataway, N.J. ) that fuse glutathione S-transferase (GST), maltose E 
binding protein, or protein A, respectively, to the target recombinant protein. 

Examples of suitable inducible non-fusion E. coli expression vectors include pTrc 
(Amrann et aL, (1988) Gene 69:301-3 15) and pET 1 Id (Studier et al. y Gene EXPRESSION 
Technology: Methods in Enzymology 185, Academic Press, San Diego, Calif. (1990) 

20 60-89). 

One strategy to maximize recombinant protein expression in E. coli is to express the 
protein in a host bacteria with an impaired capacity to proteolytically cleave the recombinant 
protein. See, e.g., Gottesman, Gene Expression Technology: Methods in Enzymology 185, 
Academic Press, San Diego, Calif. (1990) 1 19-128. Another strategy is to alter the nucleic acid 

25 sequence of the nucleic acid to be inserted into an expression vector so that the individual codons 
for each amino acid are those preferentially utilized in E. coli {see, e.g., Wada, et al. y 1992. NucL 
Acids Res. 20: 2111-21 18). Such alteration of nucleic acid sequences of the invention can be 
carried out by standard DNA synthesis techniques. 

In another embodiment, the NOVX expression vector is a yeast expression vector. 

30 Examples of vectors for expression in yeast Saccharomyces cerivisae include pYepSecl 

(Baldari. et aL, 1987. EMBO J. 6: 229-234), pMFa (Kurjan and Herskowitz, 1982. Cell 30: 
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933-943), pJRY88 (Schultz et al, 1987. Gene 54: 1 13-123), pYES2 (lnvitrogen Corporation, 
San Diego, Calif.), and picZ (InVitrogen Corp, San Diego, Calif). 

Alternatively, NOVX can be expressed in insect cells using baculovirus expression 
vectors, Baculovirus vectors available for expression of proteins in cultured insect cells (e.g., 

5 SF9 cells) include the pAc series (Smith, et aL, 1983. Mol Cell. Biol. 3: 2156-2165) and the pVL 
series (Lucklow and Summers, 1989. Virology 170: 31-39). 

In yet another embodiment, a nucleic acid of the invention is expressed in mammalian 
cells using a mammalian expression vector. Examples of mammalian expression vectors include 
pCDM8 (Seed, 1987. Nature 329: 840) and pMT2PC (Kaufman, et aL, 1987. EMBO 1 6: 

10 1 87-195). When used in mammalian cells, the expression vector's control functions are often 

provided by viral regulatory elements. For example, commonly used promoters are derived from 
polyoma, adenovirus 2, cytomegalovirus, and simian virus 40. For other suitable expression 
systems for both prokaryotic and eukaryotic cells see, e.g., Chapters 16 and 17 of Sambrook, et 
aL, Molecular Cloning: A Laboratory Manual. 2nd ed., Cold Spring Harbor Laboratory, 

15 Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989. 

In another embodiment, the recombinant mammalian expression vector is capable of 
directing expression of the nucleic acid preferentially in a particular cell type {e.g., tissue-specific 
regulatory elements are used to express the nucleic acid). Tissue-specific regulatory elements are 
known in the art. Non-limiting examples of suitable tissue-specific promoters include the 

20 albumin promoter (liver-specific; Pinkert, et aL, 1987. Genes Dev. 1: 268-277), 

lymphoid-specific promoters (Calame and Eaton, 1988. Adv. Immunol 43: 235-275), in 
particular promoters of T cell receptors (Winoto and Baltimore, 1989. EMBO J. 8: 729-733) and 
immunoglobulins (Banerji, et aL, 1983. Cell 33: 729-740; Queen and Baltimore, 1983. Cell 33: 
741-748), neuron-specific promoters (e.g., the neurofilament promoter; Byrne and Ruddle, 1989. 

25 Proc. Natl. Acad Sci. USA 86: 5473-5477), pancreas-specific promoters (Edlund, et aL, 1985. 
Science 230: 912-916), and mammary gland-specific promoters (e.g., milk whey promoter; U.S. 
Pat. No. 4,873,316 and European Application Publication No. 264,166). Developmentally- 
regulated promoters are also encompassed, e.g., the murine hox promoters (Kessel and Gruss, 
1990. Science 249: 374-379) and the a-fetoprotein promoter (Campes and Tilghman, 1989. 

30 Genes Dev. 3: 537-546). 

The invention further provides a recombinant expression vector comprising a DNA 
molecule of the invention cloned into the expression vector in an antisense orientation. That is, 
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the DNA molecule is opcratively-linked to a regulatory sequence in a manner that allows for 
expression (by transcription of the DNA molecule) of an RNA molecule that is antisense to 
NOVX mRNA. Regulatory sequences operatively linked to a nucleic acid cloned in the 
antisense orientation can be chosen that direct the continuous expression of the antisense RNA 
5 molecule in a variety of cell types, for instance viral promoters and/or enhancers, or regulatory 

sequences can be chosen that direct constitutive, tissue specific or cell type specific expression of 
antisense RNA. The antisense expression vector can be in the form of a recombinant plasmid, 
phagemid or attenuated virus in which antisense nucleic acids are produced under the control of a 
high efficiency regulatory region, the activity of which can be determined by the cell type into 

10 which the vector is introduced. For a discussion of the regulation of gene expression using 
antisense genes see, e.g., Weintraub, et aL y " Antisense RNA as a molecular tool for genetic 
analysis," Reviews-Trends in Genetics, Vol. 1(1) 1986. 

Another aspect of the invention pertains to host cells into which a recombinant 
expression vector of the invention has been introduced. The terms "host cell" and "recombinant 

1 5 host cell" are used interchangeably herein. It is understood that such terms refer not only to the 
particular subject cell but also to the progeny or potential progeny of such a cell. Because certain 
modifications may occur in succeeding generations due to either mutation or environmental 
influences, such progeny may not, in fact, be identical to the parent cell, but are still included 
within the scope of the term as used herein. 

20 A host cell can be any prokaryotic or eukaryotic cell. For example, NOVX protein can be 

expressed in bacterial cells such as E. coli, insect cells, yeast or mammalian cells (such as 
human, Chinese hamster ovary cells (CHO) or COS cells). Other suitable host cells are known to 
those skilled in the art. 

Vector DNA can be introduced into prokaryotic or eukaryotic cells via conventional 

25 transformation or transfection techniques. As used herein, the terms "transformation" and 
"transfection" are intended to refer to a variety of art-recognized techniques for introducing 
foreign nucleic acid (e.g., DNA) into a host cell, including calcium phosphate or calcium 
chloride co-precipitation, DEAE-dextran-mediated transfection, lipofection, or electroporation. 
Suitable methods for transforming or transfecting host cells can be found in Sambrook, et aL 

30 (Molecular Cloning: A Laboratory Manual. 2nd ed., Cold Spring Harbor Laboratory, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. f 1989), and other laboratory 
manuals. 
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product in one or more cell types or tissues of the transgenic animal. As used herein, a 
"homologous recombinant animal" is a non-human animal, preferably a mammal, more 
preferably a mouse, in which an endogenous NOVX gene has been altered by homologous 
recombination between the endogenous gene and an exogenous DNA molecule introduced into a 
5 cell of the animal, e.g., an embryonic cell of the animal, prior to development of the animal. 

A transgenic animal of the invention can be created by introducing NOVX-encoding 
nucleic acid into the male pronuclei of a fertilized oocyte (e.g., by microinjection, retroviral 
infection) and allowing the oocyte to develop in a pseudopregnant female foster animal. 
Sequences including SEQIDNO: 1,3,5,7,9, 11, 13, 15, 17, 19, 21, 23 or 25 can be introduced 

10 as a transgene into the genome of a non-human animal. Alternatively, a non-human homologue 
of the human NOVX gene, such as a mouse NOVX gene, can be isolated based on hybridization 
to the human NOVX cDNA (described further supra) and used as a transgene. Intronic 
sequences and polyadenylation signals can also be included in the transgene to increase the 
efficiency of expression of the transgene. A tissue-specific regulatory sequence(s) can be 

15 operably-linked to the NOVX transgene to direct expression of NOVX protein to particular cells. 
Methods for generating transgenic animals via embryo manipulation and microinjection, 
particularly animals such as mice, have become conventional in the art and are described, for 
example, in U.S. Patent Nos. 4,736,866; 4,870,009; and 4,873,191; and Hogan, 1986. In: 
Manipulating the Mouse Embryo, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 

20 N Y. Similar methods are used for production of other transgenic animals. A transgenic founder 
animal can be identified based upon the presence of the NOVX transgene in its genome and/or 
expression of NOVX mRNA in tissues or cells of the animals. A transgenic founder animal can 
then be used to breed additional animals carrying the transgene. Moreover, transgenic animals 
carrying a transgene-encoding NOVX protein can further be bred to other transgenic animals 

25 carrying other transgenes. 

To create a homologous recombinant animal, a vector is prepared which contains at least 
a portion of a NOVX gene into which a deletion, addition or substitution has been introduced to 
thereby alter, e.g., functionally disrupt, the NOVX gene. The NOVX gene can be a human gene 
(e.g., the DNA of SEQIDNO: 1 , 3, 5, 7, 9, 1 1 , 13, 15, 1 7, 19, 21, 23 or 25), but more 

30 preferably, is a non-human homologue of a human NOVX gene. For example, a mouse 

homologue of human NOVX gene of SEQ ID NO: 1 . 3, 5, 7, 9, 1 1, 13, 15, 1 7, 19, 21, 23 or 25 
can be used to construct a homologous recombination vector suitable for altering an endogenous 
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cerevisiae. See, O'Gorman, et <?/., 1991. Science 251 : 1 351-1 355. If a cre/loxP recombinase 
system is used to regulate expression of the transgene, animals containing transgenes encoding 
both the Cre recombinase and a selected protein are required. Such animals can be provided 
through the construction of "double" transgenic animals, e.g., by mating two transgenic animals, 
5 one containing a transgene encoding a selected protein and the other containing a transgene 
encoding a recombinase. 

Clones of the non-human transgenic animals described herein can also be produced 
according to the methods described in Wilmut, et ah, 1997. Nature 385: 810-813. In brief, a cell 
(e.g., a somatic cell) from the transgenic animal can be isolated and induced to exit the growth 

1 0 cycle and enter G a phase. The quiescent cell can then be fused, e.g., through the use of electrical 
pulses, to an enucleated oocyte from an animal of the same species from which the quiescent cell 
is isolated. The reconstructed oocyte is then cultured such that it develops to morula or 
blastocyte and then transferred to pseudopregnant female foster animal. The offspring borne of 
this female foster animal will be a clone of the animal from which the cell (e.g., the somatic cell) 

1 5 is isolated. 

Pharmaceutical Compositions 

The NOVX nucleic acid molecules, NOVX proteins, and anti-NOVX antibodies (also 
referred to herein as "active compounds") of the invention, and derivatives, fragments, analogs 

20 and homologs thereof, can be incorporated into pharmaceutical compositions suitable for 

administration. Such compositions typically comprise the nucleic acid molecule, protein, or 
antibody and a pharmaceutically acceptable carrier. As used herein, "pharmaceutically 
acceptable carrier" is intended to include any and all solvents, dispersion media, coatings, 
antibacterial and antifungal agents, isotonic and absorption delaying agents, and the like, 

25 compatible with pharmaceutical administration. Suitable carriers are described in the most 
recent edition of Remington's Pharmaceutical Sciences, a standard reference text in the field, 
which is incorporated herein by reference. Preferred examples of such carriers or diluents 
include, but are not limited to, water, saline, finger's solutions, dextrose solution, and 5% human 
serum albumin. Liposomes and non-aqueous vehicles such as fixed oils may also be used. The 

30 use of such media and agents for pharmaceutically active substances is well known in the art. 

Except insofar as any conventional media or agent is incompatible with the active compound, use 
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phosphate buffered saline (PBS). In all cases, the composition must be sterile and should be 
fluid to the extent that easy syringeability exists. It must be stable under the conditions of 
manufacture and storage and must be preserved against the contaminating action of 
microorganisms such as bacteria and fungi. The carrier can be a solvent or dispersion medium 
5 containing, for example, water, ethanol, polyol (for example, glycerol, propylene glycol, and 
liquid polyethylene glycol, and the like), and suitable mixtures thereof. The proper fluidity can 
be maintained, for example, by the use of a coating such as lecithin, by the maintenance of the 
required particle size in the case of dispersion and by the use of surfactants. Prevention of the 
action of microorganisms can be achieved by various antibacterial and antifungal agents, for 

10 example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many cases, 
it will be preferable to include isotonic agents, for example, sugars, polyalcohols such as manitol, 
sorbitol, sodium chloride in the composition. Prolonged absorption of the injectable 
compositions can be brought about by including in the composition an agent which delays 
absorption, for example, aluminum monostearate and gelatin. 

15 Sterile injectable solutions can be prepared by incorporating the active compound (e.g., a 

NOVX protein or anti-NOVX antibody) in the required amount in an appropriate solvent with 
one or a combination of ingredients enumerated above, as required, followed by filtered 
sterilization. Generally, dispersions are prepared by incorporating the active compound into a 
sterile vehicle that contains a basic dispersion medium and the required other ingredients from 

20 those enumerated above. In the case of sterile powders for the preparation of sterile injectable 
solutions, methods of preparation are vacuum drying and freeze-drying that yields a powder of 
the active ingredient plus any additional desired ingredient from a previously sterile-filtered 
solution thereof. 

Oral compositions generally include an inert diluent or an edible carrier. They can be 
25 enclosed in gelatin capsules or compressed into tablets. For the purpose of oral therapeutic 

administration, the active compound can be incorporated with excipients and used in the form of 
tablets, troches, or capsules. Oral compositions can also be prepared using a fluid carrier for use 
as a mouthwash, wherein the compound in the fluid carrier is applied orally and swished and 
expectorated or swallowed. Pharmaceutical ly compatible binding agents, and/or adjuvant 
30 materials can be included as part of the composition. The tablets, pills, capsules, troches and the 
like can contain any of the following ingredients, or compounds of a similar nature: a binder such 
as microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or lactose, a 
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the dosage unit forms of the invention are dictated by and directly dependent on the unique 
characteristics of the active compound and the particular therapeutic effect to be achieved, and 
the limitations inherent in the art of compounding such an active compound for the treatment of 
individuals. 

5 The nucleic acid molecules of the invention can be inserted into vectors and used as gene 

therapy vectors. Gene therapy vectors can be delivered to a subject by, for example, intravenous 
injection, local administration (see. e.g., U.S. Patent No. 5,328,470) or by stereotactic injection 
(see, e.g., Chen, et al., 1994. Proc. Natl Acad Sci. USA 91 : 3054-3057). The pharmaceutical 
preparation of the gene therapy vector can include the gene therapy vector in an acceptable 

10 diluent, or can comprise a slow release matrix in which the gene delivery vehicle is imbedded. 

Alternatively, where the complete gene delivery vector can be produced intact from recombinant 
cells ; e.g., retroviral vectors, the pharmaceutical preparation can include one or more cells that 
produce the gene delivery system. 

Antibodies specifically binding a protein of the invention, as well as other molecules 

15 identified by the screening assays disclosed herein, can be administered for the treatment of 
various disorders in the form of pharmaceutical compositions. Principles and considerations 
involved in preparing such compositions, as well as guidance in the choice of components are 
provided, for example, in Remington : The Science And Practice Of Pharmacy 19th ed. (Alfonso 
R. Gennaro, et al., editors) Mack Pub. Co., Easton, Pa. : 1995; Drug Absorption Enhancement : 

20 Concepts, Possibilities, Limitations, And Trends, Harwood Academic Publishers, Langhorne, 
Pa., 1994; and Peptide And Protein Drug Delivery (Advances In Parenteral Sciences, Vol. 4), 
1991, M. Dekker, New York. If the antigenic protein is intracellular and whole antibodies are 
used as inhibitors, internalizing antibodies arc preferred. However, liposomes can also be used 
to deliver the antibody, or an antibody fragment, into cells. Where antibody fragments are used, 

25 the smallest inhibitory fragment that specifically binds to the binding domain of the target 

protein is preferred. For example, based upon the variable-region sequences of an antibody, 
peptide molecules can be designed that retain the ability to bind the target protein sequence. 
Such peptides can be synthesized chemically and/or produced by recombinant DNA technology. 
See, e.g., Marasco et al, 1993 Proc. Natl Acad. Sci. USA, 90: 7889-7893. The formulation 

30 herein can also contain more than one active compound as necessary for the particular indication 
being treated, preferably those with complementary activities that do not adversely affect each 
other. Alternatively, or in addition, the composition can comprise an agent that enhances its 
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detect and isolate NOVX proteins and modulate NOVX activity. For example, NOVX activity 
includes growth and differentiation, antibody production, and tumor growth. 

The invention further pertains to novel agents identified by the screening assays described 
herein and uses thereof for treatments as described, supra. 

5 

Screening Assays 

The invention provides a method (also referred to herein as a "screening assay") for 
identifying modulators, i.e., candidate or test compounds or agents {e.g., peptides, 
peptidomimctics, small molecules or other drugs) that bind to NOVX proteins or have a 
10 stimulatory or inhibitory effect on, e.g., NOVX protein expression or NOVX protein activity. 
The invention also includes compounds identified in the screening assays described herein. 

In one embodiment, the invention provides assays for screening candidate or test 
compounds which bind to or modulate the activity of the membrane-bound form of a NOVX 
protein or polypeptide or biologically-active portion thereof The test compounds of the 
1 5 invention can be obtained using any of the numerous approaches in combinatorial library 

methods known in the art, including: biological libraries; spatially addressable parallel solid 
phase or solution phase libraries; synthetic library methods requiring deconvolution; the 
"one-bead one-compound" library method; and synthetic library methods using affinity 
chromatography selection. The biological library approach is limited to peptide libraries, while 
20 the other four approaches are applicable to peptide, non-peptide oligomer or small molecule 
libraries of compounds. See, e.g., Lam, 1997 . Anticancer Drug Design 12: 145. 

A "small molecule" as used herein, is meant to refer to a composition that has a molecular 
weight of less than about 5 kD and most preferably less than about 4 kD. Small molecules can 
be, e.g., nucleic acids, peptides, polypeptides, peptidomimetics, carbohydrates, lipids or other 
25 organic or inorganic molecules. Libraries of chemical and/or biological mixtures, such as fungal, 
bacterial, or algal extracts, are known in the an and can be screened with any of the assays of the 
invention. 

Examples of methods for the synthesis of molecular libraries can be found in the art, for 
example in: DeWitt, et al., 1993. Proc. Natl Acad. Sci. U.S.A. 90: 6909; Erb, et al., 1994. Proc. 
30 Natl Acad. Sci. U.S.A. 91 : 1 1422; Zuckermann, et a!., 1994. J. Med. Chem. 37: 2678; Cho, et ah, 
1993. Science 261: 1303; Carrell, etal., 1994. Angew. Chem. Int. Ed. Engl. 33: 2059; Carell, et 
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portion thereof. Determining the ability of the test compound to modulate the activity of NOVX 
or a biologically-active portion thereof can be accomplished, for example, by determining the 
ability of the NOVX protein to bind to or interact with a NOVX target molecule. As used herein, 
a "target molecule" is a molecule with which a NOVX protein binds or interacts in nature, for 
5 example, a molecule on the surface of a cell which expresses a NOVX interacting protein, a 
molecule on the surface of a second cell, a molecule in the extracellular milieu, a molecule 
associated with the internal surface of a cell membrane or a cytoplasmic molecule. A NOVX 
target molecule can be a non-NOVX molecule or a NOVX protein or polypeptide of the 
invention In one embodiment, a NOVX target molecule is a component of a signal transduction 

10 pathway that facilitates transduction of an extracellular signal (e.g. a signal generated by binding 
of a compound to a membrane-bound NOVX molecule) through the cell membrane and into the 
cell. The target, for example, can be a second intercellular protein that has catalytic activity or a 
protein that facilitates the association of downstream signaling molecules with NOVX. 

Determining the ability of the NOVX protein to bind to or interact with a NOVX target 

1 5 molecule can be accomplished by one of the methods described above for determining direct 

binding. In one embodiment, determining the ability of the NOVX protein to bind to or interact 
with a NOVX target molecule can be accomplished by determining the activity of the target 
molecule. For example, the activity of the target molecule can be determined by detecting 
induction of a cellular second messenger of the target (i.e. intracellular Ca 2 \ diacylglycerol, IP 3 , 

20 etc.), detecting catalytic/enzymatic activity of the target an appropriate substrate, detecting the 
induction of a reporter gene (comprising a NOVX-responsive regulatory element operatively 
linked to a nucleic acid encoding a detectable marker, e.g., luciferase), or detecting a cellular 
response, for example, cell survival, cellular differentiation, or cell proliferation. 

In yet another embodiment, an assay of the invention is a cell-free assay comprising 

25 contacting a NOVX protein or biologically-active portion thereof with a test compound and 

determining the ability of the test compound to bind to the NOVX protein or biologically-active 
portion thereof. Binding of the test compound to the NOVX protein can be determined either 
directly or indirectly as described above. In one such embodiment, the assay comprises 
contacting the NOVX protein or biologically-active portion thereof with a known compound 

30 which binds NOVX to form an assay mixture, contacting the assay mixture with a test 

compound, and determining the ability of the test compound to interact with a NOVX protein, 
wherein determining the ability of the test compound to interact with a NOVX protein comprises 
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automation of the assay. Binding of a test compound to NOVX protein, or interaction of NOVX 
protein with a target molecule in the presence and absence of a candidate compound, can be 
accomplished in any vessel suitable for containing the reactants. Examples of such vessels 
include microtiter plates, test tubes, and micro-centrifuge tubes. In one embodiment, a fusion 
5 protein can be provided that adds a domain that allows one or both of the proteins to be bound to 
a matrix. For example, GST-NOVX fusion proteins or GST-target fusion proteins can be 
adsorbed onto glutathione scpharosc beads (Sigma Chemical, St. Louis, MO) or glutathione 
derivatized microtiter plates, that are then combined with the test compound or the test 
compound and either the non-adsorbed target protein or NOVX protein, and the mixture is 

10 incubated under conditions conducive to complex formation (e.g., at physiological conditions for 
salt and pi I). Following incubation, the beads or microtiter plate wells are washed to remove any 
unbound components, the matrix immobilized in the case of beads, complex determined either 
directly or indirectly, for example, as described, supra. Alternatively, the complexes can be 
dissociated from the matrix, and the level of NOVX protein binding or activity determined using 

1 5 standard techniques. 

Other techniques for immobilizing proteins on matrices can also be used in the screening 
assays of the invention. For example, either the NOVX protein or its target molecule can be 
immobilized utilizing conjugation of biotin and streptavidin. Biotinylated NOVX protein or 
target molecules can be prepared from biotin-NHS (N-hydroxy-succinimidc) using techniques 

20 well-known within the art (e.g., biotinylation kit, Pierce Chemicals, Rockford, 111.), and 

immobilized in the wells of streptavidin-coated 96 well plates (Pierce Chemical). Alternatively, 
antibodies reactive with NOVX protein or target molecules, but which do not interfere with 
binding of the NOVX protein to its target molecule, can be derivatized to the wells of the plate, 
and unbound target or NOVX protein trapped in the wells by antibody conjugation. Methods for 

25 detecting such complexes, in addition to those described above for the GST-immobilized 

complexes, include immunodetection of complexes using antibodies reactive with the NOVX 
protein or target molecule, as well as enzyme-linked assays that rely on detecting an enzymatic 
activity associated with the NOVX protein or target molecule. 

In another embodiment, modulators of NOVX protein expression are identified in a 

30 method wherein a cell is contacted with a candidate compound and the expression of NOVX 

mRNA or protein in the cell is determined. The level of expression of NOVX mRNA or protein 
in the presence of the candidate compound is compared to the level of expression of NOVX 

114 



10 



15 



PCI7US01/0I513 

W °"" 5 " 51 , Th c Candida,, compound can then 

F or example, when express of NOVX ^ ^ ^ ^ lhe 

significant greater) in the presence of. k ^ cxpresslon . 
cld-datecompoundtsiden,,^^^^ 

Alternatively, when expression of NOVX mWAtM, ^ ^ compound - 
protein expression m lhe cells can 

NOVXmWAO, protein. the N0 VX proteins can be used as "bait proteins" 

ln yet another aspect of the tnventto . N ^ ^ ^ ^ „ 

in . ^ assay or three hybnd assay £ ^ ^ Bartel, - 

^ ino -m ?12- Madura, ef iyyj - . A(n i6 q5- and Brent 

1993. Cell 72: 223-23/," oncogene 8: 1693-1WO, an 

. .„„„ u- 920-924; Iwabuchi, el a , /- N oVX-binding 
1993. Bio/ecf.«.?.«» 14. ^ d M inlera ct wtthNOVX ( NU 

w0 94/103W, to Wentify other prote.ns .ha, b NOVX . bl „ aing pro ,eins are also 

protein, or "NOVX-bp") and modulate N OVX V ^ for ^ 

LlytobeinvoWedinthepropa^on ^n.s^ 

ups „eam or downstream elements .« the ^ 'J rf mMt ascription factors, 

Th c two-hybrid system ,s based or* ™ ^ ^ ^ ulfes w 

„ h ,c„ consist of separate W A-bmd,ng andac ^ ^ ^ ^ . ^ 

afferent DHA constructs. In one — ^ ^ oaM > ,„ me other 

.coding the ON A — -main "'^J^ *»< «— " """""^ 
construe, a DNA seance, from a or*, » ^ domain o( „e xnown 

protein (W or WO » f^,, aWe to interact, , -~ formmg a 

r^phon factor. U-* - «» £ £ ^ iomai „s of me transcript facto, 

are brought into ci.se proximo- Th,s pn, ™ ^ responsive 10 lne transenptton 

La cZ) ma, is ope-ably linxed to a <— ™ ^ ^ colonies containing the 

— — 

potcin which interacts with NOVX. 



20 



25 



30 



115 



WO 01/51632 



PCT/USOl/01513 



The invention further pertains to novel agents identified by the aforementioned screening 
assays and uses thereof for treatments as described herein. 

Detection Assays 

5 Portions or fragments of the cDNA sequences identified herein (and the corresponding 

complete gene sequences) can be used in numerous ways as polynucleotide reagents. By way of 
example, and not of limitation, these sequences can be used to: (/) identify an individual from a 
minute biological sample (tissue typing); and (it) aid in forensic identification of a biological 
sample. Some of these applications are described in the subsections, below. 

10 

Tissue Typing 

The NOVX sequences of the invention can be used to identify individuals from minute 
biological samples. In this technique, an individual's genomic DNA is digested with one or more 
restriction enzymes, and probed on a Southern blot to yield unique bands for identification. The 

1 5 sequences of the invention are useful as additional DNA markers for RFLP ("restriction fragment 
length polymorphisms," described in U.S. Patent No. 5,272,057). 

Furthermore, the sequences of the invention can be used to provide an alternative 
technique that determines the actual base-by-base DNA sequence of selected portions of an 
individual's genome. Thus, the NOVX sequences described herein can be used to prepare two 

20 PCR primers from the 5'- and 3'-termini of the sequences. These primers can then be used to 
amplify an individual's DNA and subsequently sequence it. 

Panels of corresponding DNA sequences from individuals, prepared in this manner, can 
provide unique individual identifications, as each individual will have a unique set of such DNA 
sequences due to allelic differences. The sequences of the invention can be used to obtain such 

25 identification sequences from individuals and from tissue. The NOVX sequences of the 

invention uniquely represent portions of the human genome. Allelic variation occurs to some 
degree in the coding regions of these sequences, and to a greater degree in the noncoding regions. 
It is estimated that allelic variation between individual humans occurs with a frequency of about 
once per each 500 bases. Much of the allelic variation is due to single nucleotide polymorphisms 

30 (SNPs), which include restriction fragment length polymorphisms (RFLPs). 

Each of the sequences described herein can, to some degree, be used as a standard against 
which DNA from an individual can be compared for identification purposes. Because greater 
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These and other agents are described in further detail in the following sections. 
Diagnostic Assays 

An exemplary method for detecting the presence or absence of NOVX in a biological 
5 sample involves obtaining a biological sample from a test subject and contacting the biological 
sample with a compound or an agent capable of detecting NOVX protein or nucleic acid (e.g., 
mRNA, genomic DNA) that encodes NOVX protein such that the presence of NOVX is detected 
in the biological sample. An agent for detecting NOVX mRNA or genomic DNA is a labeled 
nucleic acid probe capable of hybridizing to NOVX mRNA or genomic DNA. The nucleic acid 

10 probe can be, for example, a full-length NOVX nucleic acid, such as the nucleic acid of SEQ ID 
NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 or 25, or a portion thereof, such as an oligonucleotide 
of at least 15, 30, 50, 100, 250 or 500 nucleotides in length and sufficient to specifically 
hybridize under stringent conditions to NOVX mRNA or genomic DNA. Other suitable probes 
for use in the diagnostic assays of the invention are described herein. 

15 One agent for detecting NOVX protein is an antibody capable of binding to NOVX 

protein, preferably an antibody with a detectable label. Antibodies directed against a protein of 
the invention may be used in methods known within the art relating to the localization and/or 
quantitation of the protein (e.g., for use in measuring levels of the protein within appropriate 
physiological samples, for use in diagnostic methods, for use in imaging the protein, and the 

20 like). In a given embodiment, antibodies against the proteins, or derivatives, fragments, analogs 
or homologs thereof, that contain the antigen binding domain, are utilized as 
pharmacologically-active compounds. 

An antibody specific for a protein of the invention can be used to isolate the protein by 
standard techniques, such as immunoaffinity chromatography or immunoprecipitation. Such an 

25 antibody can facilitate the purification of the natural protein antigen from cells and of 

recombinantly produced antigen expressed in host cells. Moreover, such an antibody can be used 
to detect the antigenic protein (e.g., in a cellular lysate or cell supernatant) in order to evaluate 
the abundance and pattern of expression of the antigenic protein. Antibodies directed against the 
protein can be used diagnostically to monitor protein levels in tissue as part of a clinical testing 

30 procedure, e.g., to, for example, determine the efficacy of a given treatment regimen. Detection 
can be facilitated by coupling (i.e., physically linking) the antibody to a detectable substance. 
Examples of detectable substances include various enzymes, prosthetic groups, fluorescent 
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In one embodiment, the methods further involve obtaining a control biological sample 
from a control subject, contacting the control sample with a compound or agent capable of 
detecting NOVX protein, mRNA, or genomic DNA, such that the presence of NOVX protein, 
mRNA or genomic DNA is detected in the biological sample, and comparing the presence of 
5 NOVX protein, mRNA or genomic DNA in the control sample with the presence of NOVX 
protein, mRNA or genomic DNA in the test sample. 

The invention also encompasses kits for detecting the presence of NOVX in a biological 
sample. For example, the kit can comprise: a labeled compound or agent capable of detecting 
NOVX protein or mRNA in a biological sample; means for determining the amount of NOVX in 
10 the sample; and means for comparing the amount of NOVX in the sample with a standard. The 
compound or agent can be packaged in a suitable container. The kit can further comprise 
instructions for using the kit to detect NOVX protein or nucleic acid. 

Prognostic Assays 

1 5 The diagnostic methods described herein can furthermore be utilized to identify subjects 

having or at risk of developing a disease or disorder associated with aberrant NOVX expression 
or activity. For example, the assays described herein, such as the preceding diagnostic assays or 
the following assays, can be utilized to identify a subject having or at risk of developing a 
disorder associated with NOVX protein, nucleic acid expression or activity. Such disorders 

20 include for example, disorders of olfactory loss, e.g. trauma, HIV illness, neoplastic growth, and 
neurological disorders, e.g. Parkinson's disease and Alzheimer's disease. 

Alternatively, the prognostic assays can be utilized to identify a subject having or at risk 
for developing a disease or disorder. Thus, the invention provides a method for identifying a 
disease or disorder associated with aberrant NOVX expression or activity in which a test sample 

25 is obtained from a subject and NOVX protein or nucleic acid (e.g., mRNA, genomic DNA) is 
detected, wherein the presence of NOVX protein or nucleic acid is diagnostic for a subject 
having or at risk of developing a disease or disorder associated with aberrant NOVX expression 
or activity. As used herein, a "test sample" refers to a biological sample obtained from a subject 
of interest. For example, a test sample can be a biological fluid (e.g., serum), cell sample, or 

30 tissue. 

Furthermore, the prognostic assays described herein can be used to determine whether a 
subject can be administered an agent (e.g., an agonist, antagonist, peptidomimetic, protein, 
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include the steps of collecting a sample of cells from a patient, isolating nucleic acid (e.g., 
genomic, mRNA or both) from the cells of the sample, contacting the nucleic acid sample with 
one or more primers that specifically hybridize to a NOVX gene under conditions such that 
hybridization and amplification of the NOVX gene (if present) occurs, and detecting the presence 
5 or absence of an amplification product, or detecting the size of the amplification product and 
comparing the length to a control sample. It is anticipated that PCR and/or LCR may be 
desirable to use as a preliminary amplification step in conjunction with any of the techniques 
used for detecting mutations described herein. 

Alternative amplification methods include: self sustained sequence replication (see, 

10 Guatelli, et a/., 1990. Proc. Natl Acad. Sci USA 87: 1874-1878), transcriptional amplification 
system (see, Kwoh, et al, 1989. Proc. Natl Acad. Sci USA 86: 1 173-1 177); Qp Replicase (see, 
Lizardi, et al y 1988. BioTechnology 6: 1 197), or any other nucleic acid amplification method, 
followed by the detection of the amplified molecules using techniques well known to those of 
skill in the art. These detection schemes are especially useful for the detection of nucleic acid 

15 molecules if such molecules are present in very low numbers. 

In an alternative embodiment, mutations in a NOVX gene from a sample cell can be 
identified by alterations in restriction enzyme cleavage patterns. For example, sample and 
control DNA is isolated, amplified (optionally), digested with one or more restriction 
endonucleases, and fragment length sizes are determined by gel electrophoresis and compared. 

20 Differences in fragment length sizes between sample and control DNA indicates mutations in the 
sample DNA. Moreover, the use of sequence specific ribozymes (see, e.g., U.S. Patent No. 
5,493,531) can be used to score for the presence of specific mutations by development or loss of 
a ribozyme cleavage site. 

In other embodiments, genetic mutations in NOVX can be identified by hybridizing a 

25 sample and control nucleic acids, e.g., DNA or RNA, to high-density arrays containing hundreds 
or thousands of oligonucleotides probes. See, eg., Cronin, et aL y 1996. Human Mutation 7: 
244-255; Kozal, et al. y 1996. Nat. Med. 2: 753-759. For example, genetic mutations in NOVX 
can be identified in two dimensional arrays containing light-generated DNA probes as described 
in Cronin. et ai, supra. Briefly, a first hybridization array of probes can be used to scan through 

30 long stretches of DNA in a sample and control to identify base changes between the sequences 
by making linear arrays of sequential overlapping probes. This step allows the identification of 
point mutations. This is followed by a second hybridization array that allows the 
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NOVX cDNAs obtained from samples of cells. For example, the mutY enzyme of E. colt 
cleaves A at G/A mismatches and the thymidine DNA glycosylase from HeLa cells cleaves T at 
G/T mismatches. See, e.g., Hsu, et aL, 1994. Carcinogenesis 15: 1657-1662. According to an 
exemplary embodiment, a probe based on a NOVX sequence, e.g., a wild-type NOVX sequence, 
5 is hybridized to a cDNA or other DNA product from a test cell(s). The duplex is treated with a 
DNA mismatch repair enzyme, and the cleavage products, if any, can be detected from 
electrophoresis protocols or the like. See, e.g., U.S. Patent No. 5,459,039. 

In other embodiments, alterations in electrophoretic mobility will be used to identify 
mutations in NOVX genes. For example, single strand conformation polymorphism (SSCP) may 

10 be used to detect differences in electrophoretic mobility between mutant and wild type nucleic 
acids. See, e.g., Orita, et al, 1989. Proc. Natl Acad. ScL USA: 86: 2766; Cotton, 1993. Mutat. 
Res. 285: 125-144; Hayashi, 1992. Genet. Anal. Tech. Appi 9: 73-79. Single-stranded DNA 
fragments of sample and control NOVX nucleic acids will be denatured and allowed to renature. 
The secondary structure of single-stranded nucleic acids varies according to sequence, the 

15 resulting alteration in electrophoretic mobility enables the detection of even a single base change. 
The DNA fragments may be labeled or detected with labeled probes. The sensitivity of the assay 
may be enhanced by using RNA (rather than DNA), in which the secondary structure is more 
sensitive to a change in sequence. In one embodiment, the subject method utilizes heteroduplex 
analysis to separate double stranded heteroduplex molecules on the basis of changes in 

20 electrophoretic mobility. See, e.g., Keen, et al., 1991. Trends Genet. 7: 5. 

In yet another embodiment, the movement of mutant or wild-type fragments in 
polyacrylamide gels containing a gradient of denaturant is assayed using denaturing gradient gel 
electrophoresis (DGGE). See, e.g., Myers, et at., 1985. Nature 313: 495. When DGGE is used 
as the method of analysis, DNA will be modified to insure that it does not completely denature, 

25 for example by adding a GC clamp of approximately 40 bp of high-melting GC-rich DNA by 
PCR. In a further embodiment, a temperature gradient is used in place of a denaturing gradient 
to identify differences in the mobility of control and sample DNA. See, e.g., Rosenbaum and 
Reissner, 1987. Biophys. Chem. 265: 12753. 

Examples of other techniques for detecting point mutations include, but are not limited to, 

30 selective oligonucleotide hybridization, selective amplification, or selective primer extension. 
For example, oligonucleotide primers may be prepared in which the known mutation is placed 
centrally and then hybridized to target DNA under conditions that permit hybridization only if a 
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to a foreign compound or drug) of the individual may be considered. Differences in metabolism 
of therapeutics can lead to severe toxicity or therapeutic failure by altering the relation between 
dose and blood concentration of the pharmacologically active drug. Thus, the 
pharmacogenomics of the individual permits the selection of effective agents (e.g., drugs) for 
5 prophylactic or therapeutic treatments based on a consideration of the individual's genotype. 
Such pharmacogenomics can further be used to determine appropriate dosages and therapeutic 
regimens. Accordingly, the activity of NOVX protein, expression of NOVX nucleic acid, or 
mutation content of NOVX genes in an individual can be determined to thereby select 
appropriate agent(s) for therapeutic or prophylactic treatment of the individual. 

10 Pharmacogenomics deals with clinically significant hereditary variations in the response 

to drugs due to altered drug disposition and abnormal action in affected persons. See e.g., 
Eichelbaum, 1996. Clin Exp. Pharmacol. Physiol., 23: 983-985; Linder, 1997. Clin. Chem., 43: 
254-266. In general, two types of pharmacogenetic conditions can be differentiated. Genetic 
conditions transmitted as a single factor altering the way drugs act on the body (altered drug 

15 action) or genetic conditions transmitted as single factors altering the way the body acts on drugs 
(altered drug metabolism). These pharmacogenetic conditions can occur either as rare defects or 
as polymorphisms. For example, glucose-6-phosphate dehydrogenase (G6PD) deficiency is a 
common inherited enzymopathy in which the main clinical complication is hemolysis after 
ingestion of oxidant drugs (anti-malarials, sulfonamides, analgesics, nitrofurans) and 

20 consumption of fava beans. 

As an illustrative embodiment, the activity of drug metabolizing enzymes is a major 
determinant of both the intensity and duration of drug action. The discovery of genetic 
polymorphisms of drug metabolizing enzymes (e.g., N-acetyltransferase 2 (NAT 2) and 
cytochrome P450 enzymes CYP2D6 and CYP2C19) has provided an explanation as to why some 

25 patients do not obtain the expected drug effects or show exaggerated drug response and serious 
toxicity after taking the standard and safe dose of a drug. These polymorphisms are expressed in 
two phenotypes in the population, the extensive metabolizer (EM) and poor metabolizer (PM). 
The prevalence of PM is different among different populations. For example, the gene coding 
for CYP2D6 is highly polymorphic and several mutations have been identified in PM, which all 

30 lead to the absence of functional CYP2D6. Poor metabolizers of CYP2D6 and CYP2C 1 9 quite 
frequently experience exaggerated drug response and side effects when they receive standard 
doses. If a metabolite is the active therapeutic moiety, PM show no therapeutic response, as 
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can be quantified by Northern blot analysis or RT-PCR, as described herein, or alternatively by 
measuring the amount of protein produced, by one of the methods as described herein, or by 
measuring the levels of activity of NOVX or other genes. In this manner, the gene expression 
pattern can serve as a marker, indicative of the physiological response of the cells to the agent. 
5 Accordingly, this response state may be determined before, and at various points during, 
treatment of the individual with the agent. 

In one embodiment, the invention provides a method for monitoring the effectiveness of 
treatment of a subject with an agent (e.g., an agonist, antagonist, protein, peptide, 
peptidomimetic, nucleic acid, small molecule, or other drug candidate identified by the screening 

10 assays described herein) comprising the steps of (/) obtaining a pre-administration sample from a 
subject prior to administration of the agent; (it) detecting the level of expression of a NOVX 
protein, mRNA, or genomic DNA in the preadministration sample; (Hi) obtaining one or more 
post-administration samples from the subject; (iv) detecting the level of expression or activity of 
the NOVX protein, mRNA, or genomic DNA in the post-administration samples; (v) comparing 

15 the level of expression or activity of the NOVX protein, mRNA, or genomic DNA in the 
pre-administration sample with the NOVX protein, mRNA, or genomic DNA in the post 
administration sample or samples; and (vi) altering the administration of the agent to the subject 
accordingly. For example, increased administration of the agent may be desirable to increase the 
expression or activity of NOVX to higher levels than detected, i.e., to increase the effectiveness 

20 of the agent. Alternatively, decreased administration of the agent may be desirable to decrease 
expression or activity of NOVX to lower levels than detected, i.e., to decrease the effectiveness 
of the agent. 
Methods of Treatment 

The invention provides for both prophylactic and therapeutic methods of treating a 

25 subject at risk of (or susceptible to) a disorder or having a disorder associated with aberrant 

NOVX expression or activity. Disorders associated with aberrant NOVX expression include, for 
example, disorders of olfactory' loss, e.g. trauma, HIV illness, neoplastic growth, and 
neurological disorders, e.g. Parkinson's disease and Alzheimer's disease. 
These methods of treatment will be discussed more fully, below. 
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Prophylactic Methods 

In one aspect, the invention provides a method for preventing, in a subject a disease or 
condition associated with an aberrant NOVX expression or activity, by administering to the 
5 subject an agent that modulates NOVX expression or at least one NOVX activity. Subjects at 

risk for a disease that is caused or contributed to by aberrant NOVX expression or activity can be 
identified by, for example, any or a combination of diagnostic or prognostic assays as described 
herein. Administration of a prophylactic agent can occur prior to the manifestation of symptoms 
characteristic of the NOVX aberrancy, such that a disease or disorder is prevented or, 
10 alternatively, delayed in its progression. Depending upon the type of NOVX aberrancy, for 

example, a NOVX agonist or NOVX antagonist agent can be used for treating the subject. The 
appropriate agent can be determined based on screening assays described herein. The 
prophylactic methods of the invention are further discussed in the following subsections. 

1 5 Therapeutic Methods 

Another aspect of the invention pertains to methods of modulating NOVX expression or 
activity for therapeutic purposes. The modulatory method of the invention involves contacting a 
cell with an agent that modulates one or more of the activities of NOVX protein activity 
associated with the cell. An agent that modulates NOVX protein activity can be an agent as 

20 described herein, such as a nucleic acid or a protein, a naturally-occurring cognate ligand of a 
NOVX protein, a peptide, a NOVX peptidomimetic, or other small molecule. In one 
embodiment, the agent stimulates one or more NOVX protein activity. Examples of such 
stimulatory agents include active NOVX protein and a nucleic acid molecule encoding NOVX 
that has been introduced into the cell. In another embodiment, the agent inhibits one or more 

25 NOVX protein activity. Examples of such inhibitory agents include antisense NOVX nucleic 

acid molecules and anti-NOVX antibodies. These modulatory methods can be performed in vitro 
(e.g., by culturing the cell with the agent) or, alternatively, in vivo (e.g., by administering the 
agent to a subject) As such, the invention provides methods of treating an individual afflicted 
with a disease or disorder characterized by aberrant expression or activity of a NOVX protein or 

30 nucleic acid molecule. In one embodiment, the method involves administering an agent (e.g., an 
agent identified by a screening assay described herein), or combination of agents that modulates 
(e.g., up-regulates or down-regulates) NOVX expression or activity. In another embodiment, the 
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way of nonlimiting example, from about 0.1 mg/kg body weight to about 50 mg/kg body weight. 
Common dosing frequencies may range, for example, from twice daily to once a week. 

Determination of the Biological Effect of the Therapeutic 

5 In various embodiments of the invention, suitable in vitro or in vivo assays are performed 

to determine the effect of a specific Therapeutic and whether its administration is indicated for 
treatment of the affected tissue. 

In various specific embodiments, in vitro assays may be performed with representative 
cells of the type(s) involved in the patient's disorder, to determine if a given Therapeutic exerts 
10 the desired effect upon the cell type(s). Compounds for use in therapy may be tested in suitable 
animal model systems including, but not limited to rats, mice, chicken, cows, monkeys, rabbits, 
and the like, prior to testing in human subjects. Similarly, for in vivo testing, any of the animal 
model system known in the art may be used prior to administration to human subjects. 

15 The invention will be further described in the following examples, which do not limit the 

scope of the invention described in the claims. 

EXAMPLES 

Example 1 .: Method of Identifying the Nucleic Acids Encoding the G-Protein Coupled 
20 Receptors . 

Novel nucleic acid sequences were identified by TblastN using CuraGen Corporation's sequence 
file run against the Genomic Daily Files made available by GenBank. The nucleic acids were further 
predicted by the program GenScan™, including selection of exons. These were further modified by 
means of similarities using BLAST searches. The sequences were then manually corrected for apparent 
25 inconsistencies, thereby obtaining the sequences encoding the full-length protein. 



OTHER EMBODIMENTS 

While the invention has been described in conjunction with the detailed description 
30 thereof, the foregoing description is intended to illustrate and not limit the scope of the invention, 
which is defined by the scope of the appended claims. Other aspects, advantages, and 
modifications are within the scope of the following claims. 
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a) a mature form of the amino acid sequence given SEQ ID NO: 2, 4, 6, 8, 10, 12, 
14, 16, 18,20, 22, 24 or 26; 

b) a variant of a mature form of the amino acid sequence selected from the group 
consisting of SEQ ID NO: 2, 4, 6, 8, 1 0, 1 2, 1 4, 1 6, 1 8, 20, 22, 24 or 26 wherein 
any amino acid in the mature form of the chosen sequence is changed to a 
different amino acid, provided that no more than 15% of the amino acid residues 
in the sequence of the mature form are so changed; 

c) the amino acid sequence selected from the group consisting of SEQ ID NO: 2, 4, 
6,8, 10, 12, 14, 16, 18, 20,22,24 or 26; 

d) a variant of the amino acid sequence selected from the group consisting of SEQ 
ID NO: 2,4, 6,8, 10, 12, 14, 16, 18, 20, 22, 24 or 26, in which any amino acid 
specified in the chosen sequence is changed to a different amino acid, provided 
that no more than 1 5% of the amino acid residues in the sequence are so changed; 

e) a nucleic acid fragment encoding at least a portion of a polypeptide comprising 
the amino acid sequence selected from the group consisting of SEQ ID NO: 2, 4, 
6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26 or any variant of said polypeptide wherein 
any amino acid of the chosen sequence is changed to a different amino acid, 
provided that no more than 10% of the amino acid residues in the sequence are so 
changed; and 

f) the complement of any of said nucleic acid molecules. 

6. The nucleic acid molecule of claim 5, wherein the nucleic acid molecule comprises the 
nucleotide sequence of a naturally occurring allelic nucleic acid variant. 

7. The nucleic acid molecule of claim 5 that encodes a variant polypeptide, wherein the variant 
polypeptide has the polypeptide sequence of a naturally occurring polypeptide variant. 

8. The nucleic acid molecule of claim 5, wherein the nucleic acid molecule comprises a single 
nucleotide polymorphism encoding said variant polypeptide. 

9. The nucleic acid molecule of claim 5, wherein said nucleic acid molecule comprises a nucleotide 
sequence selected from the group consisting of 
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1 5. An antibody that binds immunospecifically to the polypeptide of claim 1 . 
1 6 The antibody of claim 15, wherein said antibody is a monoclonal antibody. 
1 7. The antibody of claim 1 5, wherein the antibody is a humanized antibody. 

1 8. A method for determining the presence or amount of the polypeptide of claim 1 in a sample, the 
method comprising: 

(a) providing said sample; 

(b) introducing said sample to an antibody that binds immunospecifically to the 
polypeptide; and 

(c) determining the presence or amount of antibody bound to said polypeptide, 
thereby determining the presence or amount of polypeptide in said sample. 



1 9. A method for determining the presence or amount of the nucleic acid molecule of claim 5 in a 
sample, the method comprising: 

(a) providing said sample; 

(b) introducing said sample to a probe that binds to said nucleic acid molecule; and 

(c) determining the presence or amount of said probe bound to said nucleic acid 
molecule, 

thereby determining the presence or amount of the nucleic acid molecule in said sample. 



20. A method of identifying an agent that binds to the polypeptide of claim 1, the method 
comprising: 

(a) introducing said polypeptide to said agent; and 

(b) determining whether said agent binds to said polypeptide. 

21 . A method for identifying a potential therapeutic agent for use in treatment of a pathology, 
wherein the pathology is related to aberrant expression or aberrant physiological interactions of 
the polypeptide of claim 1 , the method comprising: 



136 



WO»»1/5K>32 



(a) 

(b) 
(c) 



22. 



23. 



func.ion ascnbable ,o .he polypi ^ ^ 

—---'==■ — — 

the polypeptide; subst ance is not observed when 

potential therapeutic agent. 

, tirfP of claim 1 , the method comprising 



24. 



25. 



26. 



27. 



mel bod co^^S — M pI£ ve n> said partly * said 

MOVX nucleic acid in an amount suttcra 

Tbem «hod of Cain, 25, serein said .bjecUsabun., 



„ .nf claim 27 wherein the subject is a human. 
28 The method ot claim li , 



137 



WO 01/51032 



PCT/US01/015I3 



29. A pharmaceutical composition comprising the polypeptide of claim 1 and a pharmaceutically 
acceptable carrier. 

30. A pharmaceutical composition comprising the nucleic acid molecule of claim 5 and a 
pharmaceutically acceptable carrier. 

31. A pharmaceutical composition comprising the antibody of claim 15 and a pharmaceutically 
acceptable carrier. 

32. A kit comprising in one or more containers, the pharmaceutical composition of claim 29. 

33. A kit comprising in one or more containers, the pharmaceutical composition of claim 30. 

34. A kit comprising in one or more containers, the pharmaceutical composition of claim 31. 

35. The use of a therapeutic in the manufacture of a medicament for treating a syndrome associated 
with a human disease, the disease selected from a pathology associated with the polypeptide of 
claim 1, wherein said therapeutic is the polypeptide of claim I. 

36. The use of a therapeutic in the manufacture of a medicament for treating a syndrome associated 
with a human disease, the disease selected from a pathology associated with the polypeptide of 
claim 1, wherein said therapeutic is a NOVX nucleic acid. 

37. The use of a therapeutic in the manufacture of a medicament for treating a syndrome associated 
with a human disease, the disease selected from a pathology associated with the polypeptide of 
claim 1, wherein said therapeutic is a NOVX antibody. 

38. A method for screening for a modulator of activity or of latency or predisposition to a pathology 
associated with the polypeptide of claim 1, said method comprising: 

a) administering a test compound to a test animal at increased risk for a pathology 
associated with the polypeptide of claim 1, wherein said test animal 
recombinantly expresses the polypeptide of claim 1 ; 
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wherein an alteration in the level of the nucleic acid in the first subject as compared to the 
control sample indicates the presence of or predisposition to the disease. 

42. A method of treating a pathological state in a mammal, the method comprising administering to 
the mammal a polypeptide in an amount that is sufficient to alleviate the pathological state, 
wherein the polypeptide is a polypeptide having an amino acid sequence at least 95% identical to 
a polypeptide comprising the amino acid sequence selected from the group consisting of StQ ID 
NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26 or a biologically active fragment thereof 

43. A method of treating a pathological state in a mammal, the method comprising administering to 
the mammal the antibody of claim 15 in an amount sufficient to alleviate the pathological state. 



140 



12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
19 July 2001 (19.07.2001) 




PCT 



i iiiii iiTiiiit (! nitii urn mi t ii hi iuii uiti inn uiti mi nmn mi mt mi 

(10) International Publication Number 

WO 01/51632 A3 



(51) International Patent Classification 7 : CI2N 15/12, 

C07K 14/705. 16/28. C12Q 1/68. GO IN 33/50. 33/68, 
AO IK 67/027, A61K 38/17 

(21) International Application Number: PCT/US0 1/0151 3 

(22) International Filing Date: 16 January 2001 ( 1 6.01 .2001 ) 

(25) Filing Language: English 

(26) Publication Language: English 



(72) Inventors; and 

(75) Inventors/Applicants (for US only): PAD1GARU, Mu- 

ralidhar | IN/US]; Apt. 6E. 1579 Rhinelander Avenue, 
Bronx, NY 10561 (US). PRAY AG A, Sudhirdas, K. 
[IN/US]; Apt. 18/136. 140 Mill Street. East Haven. CT 
06512 (US) TAUPIER, Raymond, J., Jr. f US/US]; 47 
Holmes Street, East Haven. CT 06512 (US). M1SHRA, 
Vishnu [IN /US]; 309 E Main St., No. 306, Branford. 
CT 06405 (US). TCHERNEV, Velizar, T, [BG/US]; Apt. 
156, 1216 S.W. Second Avenue, Gainsvillc, FL 30261 
(US). SPYTEK, Kimberley, A. [US/US]; 28 Court Street, 
#1, New Haven, CT 06511 (US). LI, Li [CN/US|; 478 
Oak Street, Cheshire, CT 064 1 0 (US). 



(30) 



Priority Data: 

60/175.989 
60/176,134 
60/177,839 
60/178,191 
60/178,227 
60/218,324 
60/220,253 
60/220,590 



(63) 



13 January 2000 < 1 3.01 .2000) US 

14 January 2000 (14 01 .2000) US 

25 January 2000 (25 01.2000) US 

26 January 2000 (26 01.2000) US 
26 January 2000(26.01.2000) US 

14 July 2000(14 07.2000) US 

24 July 2000 (24 07.2000) US 

25 July 2000 (25 07.2000) US 



Related by 
(CIP) to ea 

US 

Filed on 
US 

Filed on 
US 

Filed on 
US 

Filed on 
US 

Filed on 
US 

Filed on 
US 

Filed on 
US 

Filed on 



continuation (CON) or continuation-in-part 
rlier applications: 

60/175.989 (CIP) 

1 3 J anuary 2000 (13.01 .2000 ) 
60/176,134 (CIP) 

14 January 2000 (14.01.2000) 
60/177,839 (CIP) 

25 January 2000 (25.01 .2000) 
60/178,191 (CIP) 

26 January 2000 (26.01 .2000) 
60/178.227 (CIP) 

26 January 2000 (26.01.2000) 
60/218,324 (CIP) 
14 July 2000(14.07.2000) 
60/220,253 (CIP) 

24 July 2000(24.07.2000) 
60/220.590 (CIP) 

25 Julv 2000 (25.07.2000) 



(74) Agent: ELRIFI, Ivor, R.; Mintz, Levin. Cohn, Ferris, 
Glovsky and Popeo.P.C. One Financial Center. Boston, 
MA 02111 (US). 

(81) Designated States (national): AE, AG. AL. AM, AT. AU, 
AZ, BA, BB, BG, BR. BY, BZ, CA, CH, CN, CR, CU, CZ, 
DE, DK, DM, DZ. EE. ES, FI, GB. GD. GE. GH. GM. HR, 
HU. ID, IL, IN, IS. JP. KE, KG, KP, KR, KZ. LC, LK, LR, 
LS, LT. LU, LV, MA, MD. MG, MK. MN, MW, MX. MZ, 
NO, NZ, PL, PT, RO. RU, SD, SE. SG, SI, SK, SL, TJ.TM, 
TR, TT, TZ, UA, UG, US. UZ. VN. YU. ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM. 
KE, LS. MW. MZ, SD, SL, SZ, TZ, UG, ZW). Eurasian 
patent (AM, AZ, BY, KG, KZ, MD. RU, TJ, TM). European 
patent (AT. BE. CH. CY, DE, DK. ES, FI, FR, GB, GR. IE, 
IT, LU. MC, NL. PT, SE, TR), OAPI patent (BF. BJ, CF, 
CG, CI, CM, GA. GN. GW. ML. MR, NE, SN. TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

(88) Date of publication of the international search report: 

18 Apnl 2002 



(71) Applicant (for all designated States except US): ClIRA- 
rO GEN CORPORATION (US/US], 11th Floor. 555 Long 

<<J Wharf Drive. New Haven, CT 0651 1 (US). 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Xotes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



IT) 



(54) Title: ODOR A NT RECEPTOR POLYPEPTIDES AND NUCLEIC ACIDS ENCODING SAME 



(V7) Abstract: The present invention provides novel isolated NOVX polynucleotides and polypeptides encoded by the NOVX 
° polynucleotides. Also provided are the antibodies that immunospeeifically bind u> an NOVX polypeptide or any derivative, variant, 
O mutant or fragment of the NOVX polypeptide, polynucleotide or antibody. The invention additionally provides methods in which the 
^ NOVX polypeptide, polynucleotide and antibody are utilized in the detection and treatment of a broad range of pathological states, 

as well as to other uses. 



INTERNATIONAL SEARCH Ua^J^}l 

, Patent ClassrtjcaUOTjtP^^ 

______ -r^n^^ — 

r 5 ^ 5 ^ _________ — ^^s^^^ 

I EPO- internal. ^ 

y^i^*^^ — ~ 



Relevant to claim No. 



1-22, 
29-41 



— ' "" i^I^^ ,,on °' ^ C 

jr^n f ^<^^^^_Z-^ — 

I — -TtTnled documents : 

"^^^ fal s,a,eo.,ne art w*-no, 

wh,ch,S n, other special 'eason (as sp e)(h , D ,tion or 

ctation or other sp* dlsc | OS ore. use. 

-0- document rele.r.n9'0^ 0 ^ 

ome r means , nte mational W>"9 
-p- document "claimed 

6 November 2001 

KI^»'•^ ^,B5, • P0,1 



0 



Petenttam-lymen^ersarellstedlnannex. 



13. 01 1001 



Authorized otlicer 

Gurdjian, D 



INTbrtNATIONAL SEARCH REPORT 



International Application No 

PCT/US 01/01513 



ctr.ontlnii.llon> DOCU MENTS CONSIDERED TO BE RELEVANT 

Category ° ■ Citation of document, wft h .ndicanon.where app.opna.9. ol the .elevant passages 



I 



DATABASE EMBL [Online] 

15 October 1999 (1999-10-15) 

PIETER DE JONG: "Human DNA sequence from 

clone RP1-313I6 on chromosome 6. Contains 

a KIAA0036 pseudogene, olfactory receptor 

2W2, 2B7, 2B8 and 1F12 pseudogenes 

(0R2W2P, 0R2B7P, 0R2B8 and 0R1F12) , the 

ZNF165 gene for zinc finger protein 165, 

two zinc finger protein pseudogenes, ESTs, 

STSs, GSSs and two CpG islands." 

retrieved from EBI 

Database accession no. AL121944 

XP002182046 . 

100 000% identity (100.000% ungapped) in 

1071 nt overlap (1-1071:92054-93124) 

with seq.l 

abstract 

DATABASE EMBL [Online] 

8 October 1999 (1999-10-08) 

RlRREN B ET AL.: " Homo sapiens clone 

RP11-12E10, WORKING DRAFT SEQUENCE, 27 

unordered pieces." 

retrieved from EBI . rnilC71 

Database accession no. AC011b/l 

XP002182047 . 

99 813% identity (99.813% ungapped) in 

1071 nt overlap (1-1071:41081-42151) with 

seq.l 
abstract 



Relevant to claim No. 



1-22, 
29-41 



1-22, 
29-41 



i 



«win innntinua&on ol sccono sneen |JU>¥ 1992) 



? nf ? 



^International Search Repo 

ass* r :ra- « — 

3 p Claims Nos, dent da.ms and are 

3 ^ ^cause they are ; ^l^T^^^ 

This international Searching 



see 



additional sheet 



r-l .sail reputed agonal search lees 
1 • U searchable cla.ms. ^ ^ invite paym en« 

nAsallsearcha^-ld researched 
2- LJ 7 a ny additional fee- 

, an , this international Search Report 

^^^^ 



, ^-^obbbbb ' 

!.« (all partially' 



international Application No. PCT/US 01/01513 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 
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odorant receptor polypeptides from the G-protein receptor 
family with amino acid sequence with seq. id .2 and 
corresponding nucleotide sequence with seq. id. 1 , 
corresponding vector, cell , antibody , method of 
determination of presence and predisposition to a disease 
method of identifying a binding/modulator agent and 
pharmaceutical . 



2. Claims: 1-43 partly 

odorant receptor polypeptides from the G-protein receptor 
family with amino acid sequence with seq. id .4 ana- 
corresponding nucleotide sequence with seq.id.3 , 
corresponding vector, cell , antibody , method of 
determination of presence and predisposition to a disease , 
method of identifying a binding/modulator agent and 
pharmaceutical . 



3. Claims: 1-43 partly 

odorant receptor polypeptides from the G-protein receptor 
family with amino acid sequence with seq.id.6 and 
corresponding nucleotide sequence with seq.id.5 , 
corresponding vector, cell , antibody , method of 
determination of presence and predisposition to a disease 
method of identifying a binding/modulator agent and 
pharmaceutical . 



4. Claims: 1-43 partly 

odorant receptor polypeptides from the G-protein receptor 
family with amino acid sequence with seq. id. 8 and 
corresponding nucleotide sequence with seq. id. 7 , 
corresponding vector, cell , antibody , method of 
determination of presence and predisposition to a disease , 
method of identifying a binding/modulator agent and 
pharmaceutical . 
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odorant receptor polypeptides from the G-protein receptor 
family with amino acid sequence with seq. id. 10 and 
corresponding nucleotide sequence with seq.id.9 , 
corresponding vector, cell , antibody , method of 
determination of presence and predisposition to a disease , 
method of identifying a binding/modulator agent and 
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method of identifying a binding/modulator agent and 
pharmaceutical . 
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odorant receptor polypeptides from the G-protein receptor 
family with amino acid sequence with seq.id.22 and 
corresponding nucleotide sequence with seq.id.21 , 
corresponding vector, cell , antibody , method of 
determination of presence and predisposition to a disease , 
method of identifying a binding/modulator agent and 
pharmaceutical . 
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odorant receptor polypeptides from the G-protein receptor 
family with amino acid sequence with seq.id.24 and 
corresponding nucleotide sequence with seq.id.23 , 
corresponding vector, cell , antibody , method of 
determination of presence and predisposition to a disease , 
method of identifying a binding/modulator agent and 
pharmaceutical . 
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odorant receptor polypeptides from the G-protein receptor 
family with amino acid sequence with seq.id.26 and 
corresponding nucleotide sequence with seq.id.25 , 
corresponding vector, cell , antibody , method of 
determination of presence and predisposition to a disease , 
method of identifying a binding/modulator agent and 
pharmaceutical . 
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ODORANT RECEPTOR POLYPEPTIDES AND NUCLEIC ACIDS 
5 ENCODING SAME 

RELATED APPLICATIONS 

This application claims priority to USSN 60/177,839, filed January 25, 2000; USSN 
60/176,134, filed January 14, 2000; USSN 60/175,989, filed January 13, 2000; USSN 
10 60/218,324, filed July 14, 2000; USSN 60/220,253, filed July 24, 2000; USSN 60/178,191, filed 
January 26, 2000; USSN 60/178,227, filed January 26, 2000; and USSN 60/220,590, filed July 
25, 2000, which are incorporated herein by reference in their entirety. 

TECHNICAL FIELD OF THE INVENTION 

1 5 The invention generally relates to nucleic acids and polypeptides encoded therefrom. 

BACKGROUND OF THE INVENTION 

Within the animal kingdom, odor detection is a universal tool used for social interaction, 
predation, and reproduction. Chemosensitivity in vertebrates is modulated by bipolar sensory 

20 neurons located in the olfactory epithelium, which extend a single, highly arborized dendrite into 
the mucosa while projecting axons to relay neurons within the olfactory bulb. The many ciliae on 
the neurons bear odorant (or olfactory) receptors (ORs), which cause depolarization and 
formation of action potentials upon contact with specific odorants. ORs may also function as 
axonal guidance molecules, a necessary function as the sensory neurons are normally renewed 

25 continuously through adulthood by underlying populations of basal cells. 

The mammalian olfactory system is able to distinguish several thousand odorant 
molecules. Odorant receptors are believed to be encoded by an extremely large subfamily of G 
protein-coupled receptors. These receptors share a 7-transmembrane domain structure with many 
neurotransmitter and hormone receptors and are likely to underlie the recognition and G-protein- 

30 mediated transduction of odorant signals and possibly other chemosensing responses as well. 

The genes encoding these receptors are devoid of introns within their coding regions. Schurmans 
and co-workers cloned a member of this family of genes, OLFR1, from a genomic library by 
cross-hybridization with a gene fragment obtained by PCR. See Schurmans et ai, Cvtogenet. 
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the case of sensorineural olfactory losses. See Harrison's Principles of Internal Medicine, 14 th 
Ed. , Fauci, AS et aL (eds.), McGraw-Hill, New York, 1998, 173. There thus remains a need for 
effective treatment to restore olfaction in pathologies related to neural olfactory loss. 



5 SUMMARY OF THE INVENTION 

The invention is based, in part, upon the discovery of novel polynucleotide sequences 
encoding novel polypeptides. 

Accordingly, in one aspect, the invention provides an isolated nucleic acid molecule that 
includes the sequence of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25 or a fragment, 
10 homolog, analog or derivative thereof. The nucleic acid can include, e.g., a nucleic acid 

sequence encoding a polypeptide at least 85% identical to a polypeptide that includes the amino 
acid sequences of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26. The nucleic acid 
can be, e.g., a genomic DNA fragment, or a cDNA molecule. 

Also included in the invention is a vector containing one or more of the nucleic acids 
1 5 described herein, and a cell containing the vectors or nucleic acids described herein. 

The invention is also directed to host cells transformed with a vector comprising any of 
the nucleic acid molecules described above. 

In another aspect, the invention includes a pharmaceutical composition that includes a 
NOVX nucleic acid and a pharmaceutically acceptable carrier or diluent. 
20 In a further aspect, the invention includes a substantially purified NOVX polypeptide, 

e.g., any of the NOVX polypeptides encoded by an NOVX nucleic acid, and fragments, 
homologs, analogs, and derivatives thereof. The invention also includes a pharmaceutical 
composition that includes an NOVX polypeptide and a pharmaceutically acceptable carrier or 
diluent. 

25 In still a further aspect, the invention provides an antibody that binds specifically to an 

NOVX polypeptide. The antibody can be, e.g., a monoclonal or polyclonal antibody, and 
fragments, homologs, analogs, and derivatives thereof. The invention also includes a 
pharmaceutical composition including NOVX antibody and a pharmaceutically acceptable carrier 
or diluent. The invention is also directed to isolated antibodies that bind to an epitope on a 

30 polypeptide encoded by any of the nucleic acid molecules described above. 

The invention also includes kits comprising any of the pharmaceutical compositions 
described above. 
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sample in the subject nucleic acid is then compared to the amount of an NOVX nucleic acid in a 
control sample. An alteration in the amount of NOVX nucleic acid in the sample relative to the 
amount of NOVX in the control sample indicates the subject has a NOVX-associated disorder. 
In a still further aspect, the invention provides a method of treating or preventing or 
5 delaying an NOVX-associated disorder. The method includes administering to a subject in 
which such treatment or prevention or delay is desired an NOVX nucleic acid, an NOVX 
polypeptide, or an NOVX antibody in an amount sufficient to treat, prevent, or delay a NOVX- 
associated disorder in the subject. 

Unless otherwise defined, all technical and scientific terms used herein have the same 
10 meaning as commonly understood by one of ordinary skill in the art to which this invention 

belongs. Although methods and materials similar or equivalent to those described herein can be 
used in the practice or testing of the present invention, suitable methods and materials are 
described below. All publications, patent applications, patents, and other references mentioned 
herein are incorporated by reference in their entirety. In the case of conflict, the present 
1 5 specification, including definitions, will control. In addition, the materials, methods, and 
examples are illustrative only and not intended to be limiting. 

Other features and advantages of the invention will be apparent from the following 
detailed description and claims. 

20 DETAILED DESCRIPTION OF THE INVENTION 

Olfactory receptors (ORs) are the largest family of G-protein-coupled receptors (GPCRs) 
and belong to the first family (Class A) of GPCRs, along with catecholamine receptors and 
opsins. The OR family contains over 1 ,000 members that traverse the phylogenetic spectrum 
from C elegans to mammals. ORs most likely emerged from prototypic GPCRs several times 

25 independently, extending the structural diversity necessary both within and between species in 

order to differentiate the multitude of ligands. Individual olfactory sensory neurons are predicted 
to express a single, or at most a few, ORs. All ORs are believed to contain seven a-helices 
separated by three extracellular and three cytoplasmic loops, with an extracellular amino- 
terminus and a cytoplasmic carboxy-terminus. The pocket of OR ligand binding is expected to be 

30 between the second and sixth transmembrane domains of the proteins. Overall amino acid 

sequence identity within the mammalian OR family ranges from 45% to >80%, and genes greater 
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are clustered in the genome, perhaps with members of different zonal gene sets clustered at 
distinct loci. In contrast, locus-independent models do not require that OR genes be clustered. 

OR genes have been mapped to 1 1 different regions on 7 chromosomes. These loci lie 
within paralogous chromosomal regions that appear to have arisen by duplications of large 
5 chromosomal domains followed by extensive gene duplication and divergence. Studies have 

shown that OR genes expressed in the same zone map to numerous loci; moreover, a single locus 
can contain genes expressed in different zones. These findings raised the possibility that OR gene 
choice is locus-independent or involved consecutive stochastic choices. 

Issel-Tarver and Rine (1996) characterized 4 members of the canine olfactory receptor 

10 gene family. The 4 subfamilies comprised genes expressed exclusively in olfactory epithelium. 
Analysis of large DNA fragments using Southern blots of pulsed field gels indicated that 
subfamily members were clustered together, and that two of the subfamilies were closely linked 
in the dog genome. Analysis of the four olfactory receptor gene subfamilies in 26 breeds of dog 
provided evidence that the number of genes per subfamily was stable in spite of differential 

1 5 selection on the basis of olfactory acuity in scent hounds, sight hounds, and toy breeds. 

Issel-Tarver and Rine (1997) performed a comparative study of four subfamilies of 
olfactory receptor genes first identified in the dog to assess changes in the gene family during 
mammalian evolution, and to begin linking the dog genetic map to that of humans. These four 
families were designated by them OLF1, OLF2, OLF3, and OLF4 in the canine genome. The 

20 subfamilies represented by these four genes range in size from 2 to 20 genes. They are all 

expressed in canine olfactory epithelium but were not detectably expressed in canine lung, liver, 
ovary, spleen, testis, or tongue. The OLF1 and OLF2 subfamilies are tightly linked in the dog 
genome and also in the human genome. The smallest family is represented by the canine OLF1 
gene. Using dog gene probes individually to hybridize to Southern blots of genomic DNA from 

25 24 somatic cell hybrid lines. They showed that the human homologous OLF1 subfamily maps to 
human chromosome 1 1 . The human gene with the strongest similarity to the canine OLF2 gene 
also mapped to chromosome 1 1 . Both members of the human subfamily that hybridized to canine 
OLF3 were located on chromosome 7. It was difficult to determine to which chromosome or 
chromosomes the human genes that hybridized to the canine OLF4 probe mapped. This 

30 subfamily is large in mouse and hamster as well as human, so the rodent background largely 

obscured the human cross-hybridizing bands. It was possible, however, to discern some human- 
specific bands in blots corresponding to human chromosome 19. They refined the mapping of the 
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Mombaerts (1999) reviewed the molecular biology of the odorant receptor (OR) genes in 

vertebrates. Buck and Axel (1991) discovered this large family of genes encoding putative 
odorant receptor genes. Zhao et al. (1 998) provided functional proof that one OR gene encodes a 
receptor for odorants. The isolation of OR genes from the rat by Buck and Axel (1991) was 
5 based on three assumptions. First, ORs are likely G protein-coupled receptors, which 

characteristically are 7-transmembrane proteins. Second, ORs are likely members of a multigene 
family of considerable size, because an immense number of chemicals with vastly different 
structures can be detected and discriminated by the vertebrate olfactory system. Third, ORs are 
likely expressed selectively in olfactory sensory neurons. Ben-Arie et al. (1994) focused attention 

10 on a cluster of human OR genes on 17p, to which the first human OR gene, OR1D2, had been 
mapped by Schurmans et al. (1993). According to Mombaerts (1999), the sequences of more 
than 1 50 human OR clones had been reported. 

The human OR genes differ markedly from their counterparts in other species by their 
high frequency of pseudogenes, except the testicular OR genes. Research showed that individual 

15 olfactory sensory neurons express a small subset of the OR repertoire. In rat and mouse, axons of 
neurons expressing the same OR converge onto defined glomeruli in the olfactory bulb. 

The present invention provides novel nucleotides and polypeptides encoded thereby. 
Included in the invention are the novel nucleic acid sequences and their polypeptides. The 
sequences are collectively referred to as "NOVX nucleic acids" or "NOVX polynucleotides" and 

20 the corresponding encoded polypeptides are referred to as "NOVX polypeptides" or "NOVX 

proteins." Unless indicated otherwise, "NOVX" is meant to refer to any of the novel sequences 
disclosed herein. Table 1 provides a summary of the NOVX nucleic acids and their encoded 
polypeptides. Example 1 provides a description of how the novel nucleic acids were identified. 
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NOV1 

A NOV1 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOV1 nucleic acid and its encoded polypeptide includes the 
sequences shown in Table 2. The disclosed nucleic acid (SEQ ID NO.T) is 1,071 nucleotides in 
length and contains an open reading frame (ORF) that begins with an ATG initiation codon at 
nucleotides 42-44 and ends with a TAA stop codon at nucleotides 1,053-1,055. The 
representative ORF encodes a 337 amino acid polypeptide (SEQ ID NO:2). Putative untranslated 
regions upstream and downstream of the coding sequence are underlined in SEQ ID NO: 1. 



TABLE 2. 

ATATTTCATTCTCTGGGTCTTCATGCAGATATATTCAAGCA ATGGAAGGGAAAAATC 
AAACCAATATCTCTGAATTTCTCCTCCTGGGCTTCTCAAGTTGGCAACAACAGCAGG 
TGCTACTCTTTGCACTTTTCCTGTGTCTCTATTTAACAGGGCTGTTTGGAAACTTACT 

1 5 CATCTTGCTGGCCATTGGCTCGGATC ACTGCCTTCACACACCCATGTATTTCTTCCTT 
GCCAATCTGTCCTTGGTAGACCTCTGCCTTCCCTCAGCCACAGTCCCCAAGATGCTA 
CTGAACATCCAAACCCAAACCCAAACCATCTCCTATCCCGGCTGCCTGGCTCAGATG 
TATTTCTGTATGATGTTTGCCAATATGGACAATTTTCTTCTCACAGTGATGGCATATG 
ACCGTTACGTGGCCATCTGTCACCCTTTACATTACTCCACCATTATGGCCCTGCGCCT 

20 CTGTGCCTCTCTGGTAGCTGCACCTTGGGTCATTGCCATTTTGAACCCTCTCTTGCAC 
ACTCTTATGATGGCCCATCTGCACTTCTGCTCTGATAATGTTATCCACCATTTCTTCT 
GTGATATCAACTCTCTCCTCCCTCTGTCCTGTTCCGACACCAGTCTTAATCAGTTGAG 
TGTTCTGGCTACGGTGGGGCTGATCTTTGTGGTACCTTCAGTGTGTATCCTGGTATCC 
TATATCCTCATTGTTTCTGCTGTGATGAAAGTCCCTTCTGCCCAAGGAAAACTCAAG 

25 GCTTTCTCTACCTGTGGATCTCACCTTGCCTTGGTCATTCTTTTCTATGGAGCAATCA 
CAGGGGTCTATATGAGCCCCTTATCCAATCACTCTACTGAAAAAGACTCAGCCGCAT 
CAGTCATTTTTATGGTTGTAGCACCTGTGTTGAATCCATTCATTTACAGTTTAAGAAA 
CAATGAACTGAAGGGGACTTTAAAAAAGACCCTAAGCCGACCGGGCGCGGTGGCTC 
ACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATCATGAGGTCAGGA 

30 GATCGAGACCATCCTGGCTAA CAAGGTGAAACCCCGT (SEQ ID NO.: 1) 
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NOV1 • 1032 CCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC 1091 

I III! MIIIMIMI I I 1 1 1 1 M M 1 i I It ! M I : I i I I M 1 1 I i 1 1! i Mill 

OLFR : 1 CTGGGCTCGGTGGCTCACACGTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGCGGATC 6 0 

5 NOV1: 1092 A- -TGAGGTCAGGAGATCGAGACCATCCTGGCTAAC 1125 (SEQ ID NO. 41) 

I llllllllllll IIIMIIII Mill III 

OLFR: 61 ACATGAGGTCAGGAGTTCGAGACCAGCCTGGTCA&C 96 (SEQ ID NO. 47) 

NOV1 * 1125 GTTAGCCAGGATGGTCTCGATCTCCTGACCTCATGATCCACCCGCCTCGGCCTCCCAAAG 1066 

10 I MIIIMIMI Ml I! I MIIIIMIIMI MUM M MM MINI II Ml I 

OLFR : 4 6 88 GTTAGCCAGGATGGTCTCAATCTCCTGACCTCGTGATCCGCCTGCCTTGGCCTCCCAAAG 4 74 7 
NOV1 : 1065 TGCTGGGATTACAGGCGTGAGCCACCGCGCCCGG 1032 (SEQ ID NO. 48) 

MMMMMMMM MMIMI MINIM 

15 OLFR: 4748 TGCTGGGATTACAGGCATGAGCCACTGCGCCCGG 4781 (SEQ ID NO. 52) 



TABLE 4 

NOVl: 1 MSGTNQSSVSEFLLLGLSRQPQQQHLLFVFFLSMYLATVLGNLLIILSVSIDSCLHTPMY 60 
90 * * * *+ ++* ** *** * + *** *** ** + ** + *****+*++ * ******* 

OLFR: 1 MEGKNQTNISEFLLLGFSSWQQQQVLLFALFLCLYLTGLFGNLLILLAIGSDHCLHTPMY 60 

NOVl: 61 FFLSNLSFVDICFSFTTVPKMLANHILETQTISFCGCLTQ 120 
*** + *** ** + * ****** * +*****+ *** **** ** +****** **** 

25 OLFR: 61 FFLANLSLVDLCLPSATVPKMLL^ 120 

NOVl: 121 DHFVAVCHPLHYTAKMTHQLCALLVAGLWWAITLNVLLHTLLMAPLSFCADNAITHFFCD 180 

* +**+*****★+ * + *** *** ** + * ** *****+** * ** + ** * ***** 
OLFR: 121 DRYVAICHPLHYSTIMALRLCASLVAAPWVIAILNPLLHTLMMAHLHFCSDNVIHHFFCD 180 



30 



45 



50 



NOVl: 181 VTPLLKLSCSDTHLNEVIILSEGALVMITPFLCILASYMHITCTVLKVPSTKGRWKAFST 240 

+ ** ****** ** + + + *-f * + + * + *** ** + * *+**** + * + ***** 

OLFR: 181 INSLLPLSCSDTSLNQLSVLATVGLIFWPSVCILVSYILIVSAVMKVPSAQGKLKAFST 240 



35 NOVl: 241 CGSH1AVVLLFYSTIIAWFNPLSSHSAEKDTMATVLY 3 00 

* * * * **+*+*★* * ** +***+*★ ***+ * + * + + ** *+********** *** 
OLFR: 241 CGSHLALVILFYGAITGVYMSPLSNHSTEKDSAASVIFMVVAPVLNPFIYSLRNNELKGT 300 

NOVl: 3 01 LKKWGR 3 07 (SEQ ID NO . 27) 

40 *** + * 

OLFR: 301 LKKTLSR 307 (SEQ ID NO. 28) 

Where * indicates identity and + indicates similarity. 



TABLE 5 

NOVl: 1 MEGKNQTNISEFLLLGFSSWQQQQVLLFALFLCLYLTGLFGNLLILLAIGSDHCLHTPMY 6 0 

* * ★*+++******* ★ *** *** ** + * + + *****+*++ * ******* 
OLFR: 1 MSGTNQSSVSEFLLLGLSRQPQQQHLLFVFFLSNTYLATVLGNLLIILSVSIDSCLHTPMY 60 

NOVl: 61 FFLANLSLVDLCLPSATVPKMLLNIQTQTQTISYPGC1AQM 12 0 

***-f**+ ** + * ****** * + ***** + *** * + ** ** + ****★*• **** 

OLFR: 61 FFLSNLSFVDICFSFTTVPKML^NHILETQTISFCGCLTQM^ 120 
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NOV2 

A NOV2 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOV2 nucleic acid and its encoded polypeptide includes the 
sequences shown in Table 7. The disclosed nucleic acid (SEQ ID NO:3) is 1,040 nucleotides in 
length and contains an open reading frame (ORF) that begins with an ATG initiation codon at 
nucleotides 82-84 and ends with a TGA stop codon at nucleotides 1,012-1,014. The 
representative ORF encodes a 310 amino acid polypeptide (SEQ ID NO:4). Putative untranslated 
regions upstream and downstream of the coding sequence are underlined in SEQ ID NO: 3. 

TABLE 7. 



CCGAACAAGTTAAAATGAATCTGTTTTTAAACACTTCTCCTAAACCATGAGCATTAA 
CTTGATTTCCTCTGTCATAGGGAT ATGGGAGACAATATAACATCCATCAGAGAGTTC 
CTCCTACTGGGATTTCCCGTTGGCCCAAGGATTCAGATGCTCCTCTTTGGGCTCTTCT 

1 5 CCCTGTTCTACGTCTTC ACCCTGCTGGGGAACGGGACCATACTGGGGCTCATCTCAC 
TGGACTCCAGACTGCACGCCCCCATGTACTTCTTCCTCTCACACCTGGCGGTCGTCG 
ACATCGCCTACGCCTGCAACACGGTGCCCCGGATGCTGGTGAACCTCCTGCATCCAG 
CCAAGCCCATCTCCTTTGCGGGCCGCATGATGCAGACCTTTCTGTTTTCCACTTTTGC 
TGTCACAGAATGTCTCCTCCTGGTGGTGATGTCCTATGATCTGTACGTGGCCATCTGC 

20 CACCCCCTCCGATATTTGGCCATCATGACCTGGAGAGTCTGCATCACCCTCGCGGTG 
ACTTCCTGGACCACTGGAGTCCTTTTATCCTTGATTCATCTTGTGTTACTTCTACCTTT 
ACCCTTCTGTAGGCCCCAGAAAATTTATCACTTTTTTTGTGAAATCTTGGCTGTTCTC 
AAACTTGCCTGTGCAGATACCCACATCAATGAGAACATGGTCTTGGCCGGAGCAATT 
TCTGGGCTGGTGGGACCCTTGTCCACAATTGTAGTTTCATATATGTGCATCCTCTGTG 

25 CTATCCTTCAGATCCAATCAAGGGAAGTTCAGAGGAAAGCCTTCCGCACCTGCTTCT 
CCCACCTCTGTGTGATTGGACTCGTTTATGGCACAGCCATTATCATGTATGTTGGACC 
CAGATATGGGAACCCCAAGGAGCAGAAGAAATATCTCCTGCTGTTTCACAGCCTCTT 
TAATCCCATGCTCAATCCCCTTATCTGTAGTCTTAGGAACTCAGAAGTGAAGAATAC 
TTTO A A n A n A r.Tflr TGGO AfiTAfiAAA GGGCTTTATG A A A AGO ATTATGGC ATTGTG 

30 ACTGACA (SEQ ID NO.: 3) 
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NOV2 : 61 gatttcctctgtcatagggatatgggagacaatataacatccatcagagagttcctccta 120 

llllllllll!lllll!!l!ll!llllllll!ll!lll!IMIII!ll!M!MIIIIII 

CHR6 : 22519 gatttcctctgtcatagggatatgggagacaatataacatccatcagagagttcctccta 22460 
NOV2 : 121 ctgggatttcccgttggcccaaggattcagatgctcctctttgggctcttctccctgttc 180 

IIIIIIIIIIIIIIMIIIIIIIMIIIIIMIIMIMIIMIIMMIIIIIIIIMI 

CHR6 : 22459 ctgggat t tcccgttggcccaaggat tcagatgc tec tctttgggctct tct ccctgttc 22400 
NOV2 : 181 tacgtcttcaccctgctggggaacgggaccatactggggctcatctcactggactccaga 240 

IIIIIMIIIIIIIIIIIIIMMIIIIIIMIIIMMIIIIIIMIIIIMIMIMI 

CHR6 : 22399 taegtet tcaccc tgctggggaacgggaccatac tggggctcatct cactggactccaga 22340 
NOV2 : 241 ctgcacgccccca tgtactt cttcctctcacacctggcggtcgtcgacat cgee tacgee 300 

IIIIMIIIIIMIIIIIIIIIMMIIIIMMIIIIIIIIIIMIMIIIIIIIMII 

CHR6 : 22339 ctgcacgcccccatgtacttcttcctctcacacctggcggtcgtcgacatcgcctacgcc 22280 
NOV2 : 301 tgcaacacggtgccccggatgctggtgaacctcctgcatccagccaagcccatctccttt 360 

IN II lllll IIIMIMM IHIIi MM MINIM II IMIM I mini MUM 

CHR6 : 22279 tgcaacacggtgccccggatgctggtgaacctcctgcatccagccaagcccatctccttt 22220 
NOV2 : 361 gcgggccgcatgatgcagacct t tctgttt t ccactt ttgctgtcacagaatgt ctcctc 420 

I II N I II N N 1 1 1 N I M I N N 1 1 1 1 II M 1 1 1 1 M I M 1 1 N ! 1 1 1 1 M 1 1 1 1 1 1 1 

CHR6 : 22219 gcgggccgcatgatgcagacctttctgt tt tccactt ttgctgtcacagaatgtctcctc 22160 
NOV2 : 421 ctggtggtgatgt cctatgat ctgtacgtggccatctgccaccccctccgatat ttggcc 480 

Nil NINI I Mill NIMH I I MINI MINI IN INN I I MINI Nil! M 

CHR6 : 22159 ctggtggtgatgtcctatgatctgtacgtggccatctgccaccccctccgatatttggcc 22100 
N0V2 : 481 atcatgacctggagagtctgcatcaccctcgcggtgacttcctggaccactggagtcctt 540 

MM IMII I Mill IIMMIIMIM hlllMill MINN Mill IMIIMi 

CHR6 : 22099 atcatgacctggagagtctgcatcaccctcgcggtgacttcctggaccactggagtcctt 22040 
NOV2 : 541 ttatccttgattcatcttgtgt tacttctacctt taccct tctgtaggccccagaaaat t 600 

I Ml NINI III III II IIIIIN IN II I IMIM II INN III INI N INN N 

CHR6 : 22039 ttatcc ttgattcat cttgtgttacttctacctttaccct tctgtaggccccagaaaatt 21980 
NOV2 : 601 tatcacnnnnnnngtgaaatcttggctgttctcaaacttgcctgtgcagatacccacatc 660 

Mill limNIIIIINIIMIIIINIIIIIIIIIIIIIIIIIMINI 

CHR6 : 21979 tatcac t t tt tttgtgaaatct tggctgtt ctcaaact tgcctgtgcagatacccacat c 21920 
N0V2 : 661 aatgagaacatggtct tggceggagcaatt t ctgggctggtgggacccttgtccacaat t 720 

I! M ) i 1 1 M I M 1 1 1 1 M I M 1 1 M 1 1 1 ! M M 1 M M I 1 1 1 1 1 i 1 1 1 M i M 1 1 II M 

CHR6 : 21919 aatgagaacatggtcttggccggagcaatttctgggctggtgggacccttgtccacaatt 21860 
N0V2 : 721 gtagt t tcatatatgtgcat cct ctgtgctatccttcagatccaatcaagggaagttcag 780 

I I I 1 I I 1 1 1 1 1 1 1 I ! I I I 1 1 1 I I I II 1 1 i ! I I ! I ! M I M II I! 1 1 I I !!) I I I I I M I I 

CHR6 : 21859 gtagt ttcatatatgtgcatcct ctgtgct atcctt cagatccaatcaagggaagttcag 21800 

17 
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10 CHR6: 21739 gccattatcatgtatgttgg 

9 0 CHR6: 2X619 tcagaagtgaagaatactttgaag 
CHR6 : 21559 ttatggcattgtgactgaca -15 
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NOV : === ss=— — » 

NOV2 ; : == ^==^ "I 
OLFR " 133 QKIVHFFCEI1AVLKLACADTHINENMV1AGAISG1>VGPIjS 

. -z&sssssssss:- 



Where * indicates identity 



NOV2: 1 ^^TLOLISLDBRLHAPMYF 60 

50 01.FR: 1 MGDNITSIREFLI-LGFPVGPRIQKL^OL. 



3M LLFGLFSLFYVFXXXXXXX_ ********** 
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NOV2: 61 FLSHIuAWDlAYACNTVPRMLV^ 120 

OLFR: 61 FLSHIJWVDIAYACNTVPRMLVN^ 120 

5 NOV2: 121 LYVAICHPLRYLAIMTWRVCITLAVTSWTTGVXXXXXXXXXXXXXPFCRPQKIYHFFCEI 180 

OLFR: 121 LYVAI CHPLRYLAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIYIIFFCEI 180 

NOV2 : 181 LAVLKI^CADTHINENIWIxAGA 240 

OLFR: 181 LAVLKKACADTHINENMVLAGAISGLVGPLSTIWSYMCILCAILQIQSREVQRKAFRTC 240 

NOV2 : 241 FSHLCVIGLVYGTAIIMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICSLRNSEVKNTL 300 

15 OLFR: 241 FSHLCVIGLVYGTAI IMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICSLRNSEVKNTL 3 00 

NOV2 : 301 KRVLGVERAL 310 (SEQ ID NO. 4) 

OLFR: 3 01 KRVLGVERAL 310 (SEQ ID NO . 38) 

20 Where * indicates identity 
TABLE 11 

NOV2 : 53 RLHAP^FFLSHLAVVDIAYACNTVPRMLWLLHPAKPISFAGRMMQTFLFSTFAVTECL 112 
GPCR : 14 ALQTTTNYLIVSLAVADLLVATLVMPWVYLE 73 

25 NOV2 : 113 LLWMSYDLYVAI CHPLRYLAIMTW - RVCITLAVTS WTTGVLLSLIHLVLLLPLPFCRPQ 171 
GPCR : 7 4 NLCAI S IDRYTAVAMPMLYNTRYS SKRRVTVMI AIVWVLS FTISCPMLFGLNNTDQNE - - 131 

NOV2 : 172 KI YHFFCEILAVLKLACADTHINENMVLAGAISGLVGPLSTIWSYMCILCAILQIQSRE 231 
GPCR: 132 -CIIANPAF WYSSIVSFYVPFIVTLLVYIKIYIVLRRRRKRV 173 

NOV2: 232 VQRK 235 ( SEQ ID NO. 39) 
GPCR: 174 NTKR 177 (SEQ ID NO. 40) 
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35 The OR family of the GPCR superfamily is involved in the initial steps of the olfactory 

signal transduction cascade. Therefore, the NOV2 nucleic acid, polypeptide, antibodies and other 
compositions of the present invention can be used to detect nasal epithelial neuronal tissue. 

Based on this relatedness to other known members of the OR family of the GPCR 
superfamily, NOV2 can be used to provide new diagnostic and/or therapeutic compositions 

40 useful in the treatment of disorders associated with alterations in the expression of members of 
OR family-like proteins. Moreover, nucleic acids, polypeptides, antibodies, and other 
compositions of the present invention are also useful in the treatment of a variety of diseases and 
pathologies, including but not limited to, those involving neurogenesis, cancer, and wound 
healing. 

45 



19 



PCT/US01/01513 

WO 01/051632 

NOV3 • pipir arid sequence encoding a 

(GPCR) superfamily of proteins, a nucleotides in 

• t„m,19 The disclosed nucleic acid (SEQ1DW=) . 
sequences sho«n in Table 12. The d ^ .^.^ ^ a( 

taigth and contains an open reading frame (ORF) g ^ 
regions upstream and downstream of the coding seq 



TABlSUi 



AAGAAGTTCJ 



25 



^.r.rrTTTCAACAAAACCACTGTGOTTACACAGTTCATCC 
rrTCAGATGCGAGGTTTCAAC^AAAA ^ 

™ggtttctccagcctgggggagc C 

CCTATACTTGACAATCCTGGTGGCCAAT^ 

ctggactctccacactcccatgtatggctttcta tcagacaccaaga 

GCTACACTITrGTCATCATCCCTCAGCTGCTGGT 
CCATCTCCTTCATGGCCTGTGCCACCCAGCTG^ 

^ctgcctcctcattgctgtga™^^^ 

TGAGGTACACACTCATCATAAACAAAAGGCTGGGG QTTT 

TTGTGGCCCCAACAGGGTTAACCACTj^TTCTGTGAC^^ ^^^^^^^ 
AGCCTGCACTGACACCCATGTGAAAGAGCTGGCTTTAT TTAACACCATC 

^TTATGGTGCCTTTTCTGTTAATTCTCAT^™ 

CTGAAGATCCCCTCAGCTGAGGGCAAGAAGGCCTTTGTC 

AcroroGrcrncmx^AT^^ 

AGTCTGCCTCAGACAAGGATCAGTTGGTGGCAGTC^^^TACA^^^ ^^^^^^ 
TACTTAATCCTCTTGTCTACAGTCTGAGGAACAAAGMiG^^^^^^^^^^^^^^^ 

gagttcttggaatgcctgtggcaacc^ 

ATGTCTCAGACAGTGTTTCCAAGGATTAAGACTACacrTGCCT 
(SEQ ID NO.: 5) 

20 



WO 01/051632 



PCT/USO 1/0 1513 



MRGFNKTTVVTQFILVGFSSLGELQLLLFVIFLLLYLTILVANVTIMAVIRFSWTLHTPMY 
GFLFILSFSESCYTFVIIPQLLVHLLSDTKTISFMACATQLFFFLGFACTNCLLIAVMGYDR 
YVAICHPLRYTLIINKRLGLELISLSGATGFFIALVATNLICDMRFCGPNRVNHYFCDMAP 
5 VIKLACTDTHVK^LALFSLSILVIM 

VFVHYGCASIIYLRPKSKSASDKDQLVAVTYTVVTPLLNPLVYSLRNKEVKTALKRVLG 
MPVATKMS (SEQ ID NO.: 6) 

The OR family of the GPCR superfamily is a group of related proteins specifically 
10 located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 

involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV3 
nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
to detect nasal epithelial neuronal tissue. A NOV3 nucleic acid was identified on human 
chromosome 1. 

1 5 The NOV3 nucleic acid sequence has a high degree of homology (99% identity) with a 

human genomic clone corresponding to chromosome 1 (CHR1) (GenBank Accession 
No.:AL121986), as is shown in Table 13. Also, the NOV3 polypeptide has homology 
(approximately 50% identity, 70% similarity) to a human olfactory receptor (OLFR) (GenBank 
Accession No.: F20722), as is shown in Table 14. Overall amino acid sequence identity within 

20 the mammalian OR family ranges from 45% to >80%. OR genes that are 80% or more identical 
to each other at the amino acid level are considered by convention to belong to the same 
subfamily See Dryer and Berghard, Trends in Pharmacological Sciences , 1999, 20:413. OR 
proteins have seven transmembrane a -helices separated by three extracellular and three 
cytoplasmic loops, with an extracellular amino-terminus and a cytoplasmic carboxy-terminus. 

25 Multiple sequence aligment suggests that the ligand-binding domain of the ORs is between the 
second and sixth transmembrane domains. NOV3 is predicted to have a seven transmembrane 
region, and is similar in that region to a representative GPCR, e.g. dopamine (GPCR) (GenBank 
Accession No.: P20288) as is shown in Table 15. 

30 TABLE 13 

NOV3 : l aagaagttcttcagatgcgaggtt tcaacaaaaccactgtggt tacacagttcat cctgg 60 

I 1 1 1 1 1 1 1 1 1 1 1 I I I I II 1 1 1 1 1 1 1 ! I II I I I 1 1 II 1 1 1 1 II I II 1 1 1 1 1 1 ! I 1 1 M 1 1 1 

CKRl : 145895 aagaagttcttcagatgcgaggtttcaacaaaaccactgtggttacacagttcatcctgg 145836 
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CHRl: 145775 iit^acaatcctggtggccaatgtgaccatcatggccg 
N0 V3- 131 c«— 

N0 | | | III I I 111 I 1 HI l> I 1 U ii 11 ii [ iliitliigagtcctgctacactt 145656 

CHRl: 145715 tccacactcccatgtatggctttctattcatcct 



WO » 1/05 1632 

NOV3: 61 tgggtttctccagcc 



c 145716 



CHRl: 145655 ttgtcatcatccctcagctgctggt. 



NOV 3 : 301 mm ]]um 1 1 M U U M 1 1 1 n . , i n n - ; 

CHRl : 145595 tggcctgtgccacccagctgttctttttccttgg 

* ^*acaatttgtcaccctctgaggtacacactca 420 

NO V3: 361 ^T^^^ 

NW3: 421 t ca. _a„ ^ 

I I I I 1 1 1 1 1 1 11 1 1 lllit-t-rctctctcaggagccacaggtttcttta 
CHRl: 145475 1 cataiacaaaaggctggggttggagttgatttctctctc 



360 

145536 



55 



60 



CHRl : 145175 iggcctttgtcacctgtgcctcacatctcactgtggtc 

• I I I I I I I I I I I I I I I I I 11 I I I II' 11 1 Igllllggllligt^gtggcag 145056 

CHRl : 145115 ctatcatctatctgcggcccaagtccaagtctg 



780 
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NOV3 : 841 tgacctacgcagtggt tact ccct tact taatcctct tgtctacagtctgaggaacaaag 900 

MINIM 1 1 M M I M I M M M M M I M M M M M 1 1 M M M M M M M M M 

5 CHRl : 145055 tgacc tacacagtgg t tactccct tacttaat cc t ct tgtctacagtctgaggaacaaag 144996 
NOV3 : 901 aggtaaaaactgcat tgaaaagagt tcttggaatgcctgtggcaaccaagatgagctaac 960 

M M M M M M M M M I M M M M I M M M M I M M I M M M M M M M M M 

10 CHRl: 144995 aggtaaaaactgcat tgaaaagagt t cttggaatgcctgtggcaaccaagatgagctaac 144936 
N0V3 : 961 aaaaaataataataaaat taactaggatagtcacagaagaaat caaaggcataaaatttt 1020 

IMMMMMMIMMMMMIMMMMMMMMMMMMMMMMMI 

15 CHRl: 144935 aaaaaat aa taataaaat taactaggatagt cacagaagaaa tcaaaggcataaaa t t t t 144876 
N0V3 : 1021 ctgacct t taatgca tgtct cagacagtgt t tccaaggat taagactac tc t tgcc t t t t 1080 

M i 1 1 ! ! ! I i ! 1 1 1 i 1 1 1 1 1 I ! 1 1! : I i I M I ! I M I 1 1 i ! I I 1 1 1 ! ! 1 1 1 M ! ! 1 i 1 1 1 

20 CHRl: 144875 ctgacc t t t aatgcatgt ct cagacagtgt ttccaaggat taagactac tct tgccttt t 144816 
N0V3 : 1081 tattttctcc 1090 (SEQ ID NO. 5) 

minim 

25 CHRl: 144815 tattttctcc 144806 (SEQ ID NO. 42) 

TABLE 14 

NOV3: 1 MRGFNKTTVVTQFILVGFSSLGELQLL 59 

* * * * + + + -f*******-f ***+* + + * * * + * + * * * 4. +***** 

30 OLFR : 1 MLGLNHTSM-SEFILVGFST^PHLQLMLFLLFLLMYLFTLLGNLLIMATVWSERSLHTPM 5 9 

NOV3 : 60 YGFLFILSFSESCYTFVIIPQLLAmLLSDTKTISFMACATQLFFFLGFACTNCLLIAVMG 119 

* ** ** ** + * *** + + * + * + * * * + * + * * * * + * + *** 
OLFR: 60 YLFLCVLSVSEILYTVAIIPRMIaADLLSTQRSIAFLACASQMFFSFSFGFTHSFLLTVMG 119 

35 

NOV3 : 120 YDRYVAICHPLRYTLI INKRLGLELISLSGATGFFI/^VATNLICDMRFCGPNRVNHYFC 179 
************* + + + + * * + * * * + + * * + * + * * * + + * + * 

OLFR : 120 YDRWAICHPLRYNVLMSPRGCACLVGCSWAGGSVMGMWTSAIFQLTFCGSHEIQHFLC 179 

40 NOV3: 180 DMAPVIKLAC-TDTHVKELALFSLSILVIMVPFLLILISYGFIVNTILKIPSAEGK-KAF 239 

4. * + + * * * * + * + + * + ++ *****+★★ * * * *********_|- * * * 

OLFR: 18 0 HVPPLLKLACGNIWPAVALGVGLVCIMALLGCFLLI^ 23 9 

NOV3 : 24 0 VTCASHLTWFVHYGCASI IYLRPKSKSASDKDQLVAVTYTWTPLLNPLVYSLRJSTKEVK 2 99 
45 ****** ** **** ** + ***4_** + + * * 4.* ** * + * * *4.* + + + ******4.* 

OLFR: 24 0 STCASHLIWIWYGFASVIYLKPKGPHSQEGDTLMATTYAVLTPFLSPIIFSLRNKELK 2 99 

NOV3: 300 TALKR 304 (SEQ ID NO. 43) 
* + * * 

50 OLFR: 300 VAMKR 304 (SEQ ID NO. 44) 

Where * indicates identity and + indicates similarity 
TABLE 15 

NOV3 : 4 3 NVTIMAVIRFSWTLHTPMYGFLFILSFSESCYTFVIIPQLLVHLLSDTKTISFMACATQL 102 
55 GPCR: 2 NVLVCMAVSREKALQTTTNYLIVSLAVADLLVATLVMPWVVYLEWGEWKFSRIHCDIFV 61 



23 



WO 01/031632 

NOV3 : 103 FFF 
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;LSGATGFFIALVAT 161 
JVWVLSFTISCPML 121 



62 .SSSSSSSSSSSSESiSS 

!22 FGLNNTDQNEC 



0 



NOV3 : 
GPCR: 

The OR famUy of the OPCR superfamily is a .roup of related proteins specific* 
oft , lfact oryscnsor y „euronsmthcnasalepi«iuma I >d a re 

involved in the imttal steps of the olfactory stgn cc , mposWo „ s of the 

BasedonitsrelatednesstotheknownmembersoftheORfamtlyo! 

f 1 NOV3 satisfies a need ,n the art by providing new diagnostic or therapeuhc 
superfam.ly.NOV3 sattsf ^ ^ ^ expresslon of 

compositions , ^ — aad other 

neurogenesis, cancer and wound healing. 
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poly pe P tide related to the human odoran. receptor (OR) amtly P 
OPCK) superfamily of proteins. The NOV 3 nucleic = ^ £ 
an^ed by exon lining and the resulting secuence was t ^fied . N 
aci d and hs encoded polypeptide includes ure sequences shown , ,«* «. 

nucleic acid (SEQ ID NO:7) is 1 ,090 nucleotides in i^lndends with a TAA stop 

•*v, or, ATG initiation codon at nucleotides 1 5-17 and enos 
(ORF) that begins W 1h an ATG initiation npp encodes a 314 amino acid 

eodon at nucleotides 1,061-1 ,063. Tne representative ORE encode 
polypeptide (SEQ ID NO: 8). Putative untranslated regions upstream and down 
coding sequence are underlined in SEQ ID NO: 7. 
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TABLE 16. 

AAGAAG7TCTTCAG ATGCGAGGTTTCAACAAAACCACTGTGGTTACACAGTTCATCC 

TGGTGGGTTTCTCCAGCCTGGGGGAGCTCCAGCTGCTAC1TTTTGTCATCTTTCTTCT 

CCTATACTTGACAATCCTGGTGGCCAATGTGACCATCATGGCCGTTATTCGCTTCAG 

CTGGAC1CTCCACACTCCCATGTATGGCTTTCTATTCATCCTTTCATTTTCTGAGTCCT 

GCTACACTTTTGTCATCATCCCTCAGCTGCTGGTCCACCTGCTCTCAGACACCAAGA 

CCATCTCCCTCATGGCCTGTGCCACCCAGCTGTTCTTTTTCCTTGGCTTTGCTTGCAC 

CAACTGCCTCCTCATTGCTGTGATGGGATATGATCGCTATGTAGCAATTTGTCACCCT 

CTGAGGTACACACTCATCATAAACAAAAGGCTGGGGTTGGAGTTGATTTCTCTCTCA 

GGGGCCACAGGTTTCTTTATTGCTTTGGTGGCCACCAACCTCATTTGTGACATGCGTT 

TTTGTGGCCCCAACAGGGTTAACCACTATTTCTGTGACATGGCACCTGTTATCAAGTT 

AGCCTGCACTGACACCCATGTGAAAGAGCTGGCTTTATTTAGCCTCAGCATCCTGGT 

AATTATGGTGCCTTTTCTGTTAATTCTCATATCCTATGGCTTCATAGTCAACACCATC 

CTGAAGATCCCCTCAGCTGAGGGCAAGAAGGCCTTTGTCACCTGTGCCTCACATCTC 

ACTGTGGTCTTTGTCCACTATGACTGTGCCTCTATCATCTATCTGCGGCCCAAGTCCA 

AGTCTGCCTCAGACAAGGATCAGTTGGTGGCAGTGACCTACGCAGTGGTTACTCCCT 

TACTTAATCCTCTTGTCTACAGTCTGAGGAACAAAGAGGTAAAAACTGCATTGAAAA 

GAGTTCTTGGAATGCCTGTGGCAACCAAGATGAGCTAACAAAAAATAATAATAAAA 

TTAACTAGGATAGTCACAGAAGAAATCAAAGGCATAAAATTTTCTGACCTTTAATGC 

A TfiTCTr AG AC. A GTGTTTCC A AGG ATT AA GACT ACTCTTGCCTTTTTATTTTCTCC 

(SEQ ID NO.: 7) 



MRGFNKTTVVTQFILVGFSSLGELQLLLFVIFLLLYLTILVANVTIMAVIRFSWTLHTPMY 
GFLFILSFSESCYTFVIIPQLLVHLLSDTKTISLMAGATQLFFFLGFACTNCLLIAVMGYDR 
YVAICHPLRYTLIINKRLGLELISLSGATGFFIALVATNLICDMRFCGPNRVNHYFCDMAP 
VIKL ACTDTHVKEL ALF SLSILVIMVPFLLILI S YGFI VNTILKIPS AEGKKAF VTG ASHLTV 
VFVHYDGASIIYLRPKSKSASDKDQLVAVTYAVVTPLLNPLVYSLRNKEVKTALKRVLG 

MPVATKMS (SEQ ID NO.: 8) 



The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV4 
nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
to detect nasal epithelial neuronal tissue. A NOV4 nucleic acid was identified on human 
chromosome 1. 

The NOV4 nucleic acid sequence has a high degree of homology (99% identity) with a 
human genomic clone corresponding to chromosome 1 (CHR1) (GenBank Accession 
No.:AL121986), as is shown in Table 17. The NOV4 nucleic acid sequence also has a high 
degree of homology with the NOV3 sequence (99% identity), as is shown in Table 18. Also, the 
NOV3 polypeptide has homology (approximately 53% identity, 71% similarity) to the human 
olfactory receptor 10J1 (OLFR) (GenBank Accession No.: P30954), as is shown in Table 19. 
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WO 01/051632 „ familv ranees from 45% to 

OveraU amino acid seance identity ™,hin the „— han OR fam.1, r g 
> 8 0V OR.enesftatareSO./.ormoreidenticaUoeachoteat.heannnoacdlevela.e 

^,4™. • *4 > 3 . OR proteins have seven — ane a-hei.es 
5 and three cytopiastnic ioops, with an ex— an™ - 

Linus and a cytopiasnnc carboxy— Mnitip.e seance ai^nent su M ests *at the 
Z Lin 6 dll of the ORs is between the second and six* »_bra„e dontatns. 
Hot telted to have a seven t—brane region, and is sin* in tha, regron ,o a 

10 Table 20. 

TABLE17 

CHR1: 145895 aagaagttcttcagatgoy yy 
CHRl: 145835 tgggtttctccagcctgggggagctccagctg 
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NOV4 : 481 t tgct t t ggtggccaccaacc t ca t t tgtgaca tgcg t t t t tgtggcc ccaacaggg t t a 540 

MIMIMIMIIIIIIIIIIIIIMIIIIIMMIIIIIIIIIIIIMIIIIIMIMI 

CHR1 : 145415 t tgc tt tggtggccaccaacctcat t tgtgacatgcgt t tt tgtggccccaacagggt ta 145356 
NOV4 : 541 accacta t t t ctgtgacatggcacctgt t at caagt t agcc tgcactgacacccatgtga 600 

IIIIIIIMIIMIIIIMIMIMMIIMMMIIIIIIIIIIIIIMIIIIIIIMI 

CHR1 : 145355 accactatt t ctgtgacatggcacctgttat caagt tagcctgcactgacacccatgtga 145296 
NOV4 : 601 aagagctggctttat t tagcct cagcat cctggtaat t atggtgcctt tt ctgt t aat t c 660 

iMimimiiimmiiiiMMiHiiiiiiiMiijimmiiimiiii 

CHRl : 145295 aagagctggctt tat t tagcct cagcat cctggtaattatggtgccttttctgttaattc 145236 
NOV4 : 661 tcatatcctatggcttcatagtcaacaccatcctgaagatcccctcagctgagggcaaga 720 

immMiminmiM niMiiiiimiiMMiiiiimiimimi 

CHRl: 145235 t catat cctatggct t cat agt taacaccat cc tgaagatcccctcagctgagggcaaga 145176 
NOV4 : 721 aggcct t tgt cacctgtgcctcacatctcactgtggt ctttgt ccact atgactgtgcct 780 

IIIIIIIIIIIIIMMIIIIIMMIIIIIIMIIIIMIMIIIIIMI IIIIIMI 

CHRl: 145175 aggcct t tgtcacctgtgcctcacatctcactgtggt ctttgt ccactatggctgtgcct 145116 
NOV4 : 781 ctatcatctatctgcggcccaagtccaagt ctgcctcagacaaggatcagt tggtggcag 840 

MIIMMIIIIIIIMIIIIIIMMIIIIMttlllMIIIIIIIIIIIIIIIMMI 

CHRl: 145115 ctatcatctatctgcggcccaagtccaagt ctgcctcagacaaggatcagttggtggcag 145056 
NOV4 : 841 tgacctacgcagtggt tact cccttacttaatcctct tgt ctacagtctgaggaacaaag 900 

IIIIMII IMIIIMMIIIIMIIIIIIIIIIIIIIIIMIIIIIIIIIMIIMM 

CHRl: 145055 tgacctacacagtggttactccct tact taatcct ct tgt ctacagtctgaggaacaaag 144996 
NOV4 : 901 aggtaaaaactgcat tgaaaagagtt cttggaatgcctgtggcaaccaagatgagct aac 960 

IIMIIIIIIIIIIIIIMIIIIIMIIIIIMIIIIIIMIIIIIIIIIIIIIIIMII 

CHRl: 144995 aggtaaaaactgcat tgaaaagagt t ct tggaatgcctgtggcaaccaagatgagctaac 144936 
NOV4 : 961 aaaaaataataataaaattaactaggatagtcacagaagaaatcaaaggcataaaatttt 1020 

IIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIMIMIMIIII 

CHRl: 144935 aaaaaataataataaaat taactaggatagtcacagaagaaat caaaggcataaaatt tt 144876 
NOV4 : 1021 ctgacct t taatgcatgt ct cagacagtgt ttccaaggattaagactact ct tgcctttt 1080 

NIINMIIIIIIMMMIMINIIIIMIINIMIMIIIMMIINIMMII 

CHRl: 144875 ctgacct t taatgcatgtct cagacagtgtttccaaggat taagactactct tgcct ttt 144816 
NOV4 : 1081 tattttctcc 1090 (SEQ ID NO. 4) 

MINIUM 

CHRl: 144815 tattttctcc 144806 (SEQ ID NO. 42) 

TABLE 18 

NOV4 : 1 AAGAAGTTCTTCAGATGCGAGGTTTCAACAAAACCACTGTGGTTACACAGTTCATCCTGG 6 0 

11 1 I i I 1 1 I I I I I I I I I I I 1 1 I I 1 I I I 1 1 II i 1 1 I I 1 1 I I I I I II M I 1 1 i ! I 1 1 1 II I I 

NOV3 : 1 AAGAAGTTCTTCAGATGCGAGGTTTCAACAAAACCACTGTGGTTACACAGTTCATCCTGG 6 0 

NOV4 : 61 TGGGTTTCTCCAGCCTGGGGGAGCTCCAGCTGCTACTTTTTGTCATCTTTCTTCTCCTAT 12 0 
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NOV3 : 
NOV4 : 
NOV3 : 
NOV4 : 
WOV3 : 
NOV4 : 
NOV3 : 
NOV4 : 
NOV3 : 
NOV4 : 
NOV3 : 
NOV4 : 
NOV3 : 
NOV4 : 
NOV3 : 
NOV4 : 
NOV3 : 



181 ,c~cc_™^c^ »« 



, 41 ssss 300 

Ml lias 360 

421 ^ilSS «• 

481 >U=USSS^ 540 
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NOV4: 601 AA< 
NOV3 : 
NOV4 : 
NOV3 ; 
NOV4 : 
NOV3 : 
NOV4 : 
NOV3 : 
NOV4: 
NOV3 : 
NOV 4 : 
NOV3 : 



;;; sun, = , u — - 

iiUUicmATTIlGCCTCAGCMCCTGGTMTISTGGTGCCTTTTC 



11 111 II 1 1 1 1 1 I 1 1 Ml I 1 1 1 II I II I M II III lUilriiGOTmciG^ric 660 

601 T^GAGCTCGCTTTATTTRGCCTCRGCMCCTGGTRRTTftTGGTGCCTTTTC 

,.x c— T ™gccc»g~^^ 8 " 

841 -cc™^™^ m ; 
841 ;&Ug!S 900 

28 
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NOV4 : 


961 


NOV3 : 


961 


NOV4 : 


1021 


NOV3 : 


1021 


NOV4 : 


1081 


NOV3 : 


1081 



1 1 1 1 



1 1 



1 1 



1 1 



15 

TABLE 19 

NOV4 : 18 TLITDFVFQGFSSFHEQQITLFGVFLALYILTLAGNI I IVTI IRIDLHLHTPMYFFLSML 7 7 
*++* *+ **** * * + ** + ** ** + * * + * + + ** ****** ** + * 

20 OLFR: 8 TWTQFILVGFSSLGELQLLLFVIFLLLYLTILVANVTIMAVIRFSWTLHTPMYGFLFIL 67 



25 



40 



NOV4 : 78 STSETVYTLVILPRMLSSLVGMSQPMSLAGCATQMFFFVTFGITNCFLLTAMGYDRYVAI 137 
* **+ ** ** + * + + * * + ++ + ** **** + *** + * *** * + ********* 

OLFR: 68 SFSESCYTFVIIPQLLVHLLSDTKTISIJ4ACATQLFFFLGFACTNCLLIAVMGYDRYVAI 127 

NOV4 : 138 CNPLRYMVIMNKRLRIQLVLGACS IGLIVAITQVTSVFRLPFCA-RKVPHFFCDIRPVMK 196 
* + **** + * + **** + + * + + + * +* + + + ** + * * + *** + ** + * 

OLFR: 12 8 CHPLRYTLI INKRLGLELISLSGATGFFIALVATNLICDMRFCGPNRVNHYFCDMAPVIK 187 

30 NOV4: 197 LSCIDTTWEXXXXXXXXXXXXXPMGLVFIS WLI ISTILKIASVEGRKKAFATCASHLT 256 
*+***** * * + * * * *++******************* 

OLFR: 188 LACTDTHVKELALFSLS ILVIMVPFLLILISYGFIVNTILKI PSAEG- KKAFVTCASHLT 246 

NOV4: 257 WIVHYSCASIAYLKPKSENTREHDQLISWYTVITPL1JSIPVVYTLRNKEVKDALCRAVG 316 
35 (SEQ ID NO. 49) 

** *** **** ** + *** ++ + **+ ++ *** * + ****** + ** + ******* ** * + * 

OLFR: 24 7 WFVHYDCAS 1 1 YLRPKSKS ASDKX)QLVAVTYAVVTPLLNPLVYSLRNKEVTCTALK^VLG 3 06 
(SEQ ID NO. 50) 

Where * indicates identity and + indicates similarity. 



Table 20 



45 



NOV4 : 43 NVTIMAVIRFSWTLHTPMYGFLFILSFSESCYTFVI IPQLLVHLLSDTKTISLMACATQL 102 

GPCR: 2 NVLVCMAVS REKALQTTTNYL I VS LAVADLLVATLVMP WVVYLEVVGE WKFSR IHCD I FV 61 

NOV4 : 103 F F FL G FACTNC LL I AVMG YDRYVA I CHPLRYTLI IN - KRLGLELISLSGATG FFIAL VAT 161 

GPCR: 62 TLDVMMCTAS ILNLCAIS IDRYTAVAMPMLYNTRYSSKRRVTVMIAIVWVLSFTISCPML 121 



NOV4 : 162 NLICDMRFCGPNRVNHYFCDMAPVIKLACTDTHVKELALFSLS ILVIMVPFLLILI SYGF 221 
50 GPCR: 122 FGLNNTDQNEC IIANPAFWYSSIVSFYVPFIVTLLVYIK 161 



NOV4 : 222 IVNTILKI 229 (SEQ ID NO. 51) 
GPCR: 162 IYIVLRRR 169 (SEQ ID NO. 46) 
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WO 01/051632 f rp i ate a Dr oteins specifically 

The OR family of the GPCR supcrfamily is a group of related pro P 

,„ detect nasa! epithelial neuronal ttssue. QpcR 
Based on its relatedness to the known members of the OK ram y 
r NOV4 satisfies a need in the art by providing new diagnostic or therapeuttc 

7 OR fl.y* P-ins. Nucleic acids, polypeptides, antibodies, and other 

diseases and pathologies, including by way of nonlhnittng exampie, those 
neurogenesis, cancer and wound healing. 



15 



20 



ToV5 seance according to the invention is a nucleic acid sequence encoding 

+ _ family of the G-protein coupled receptor 

sequences shown m Table 21 . T at nucleotilJe 6 ^d ends with a 

length and contains an open readtng frame , (OBF that be I ^ ^ ^ 

i +Ao* ROO R(P In addition, C indicates 
TGA stop codon a, nudeottdes 800 80.. In ^ 

underlined in SEQ ID NO: 9. 



25 



30 



35 



GCTCCTCACTGTGATGGCCTATGACT^^^ 



CCGTTGGATTCCCAGCTGCACAGTTGuAi^ 
TGTGGAAATCACTAATmGTCTGTG^ 

GACAGCGTCATCAATAACATATTCATATAT 



WO 01/051632 PC T/US01/01513 

CCCCAGGAATGGTGTGGTGGCGTCAGTGATGTATGCTGTGGTCACCCCCATGCTGAA 
CCTTTTCATCTCAGCCTAGGAAAGAGGGATATACAAAGTGTCCTGCGGAGGCTGTGC 
AGCAGAACAGTCGAATCTCATGATATGTTCCATCCTTTTTCTTGTGTGGGTGA GAAA 
GGGCAACCACATTAAA (SEQ ID NO.: 9) 

5 

PMCFFLSKLCSADIGFTLAMVPKMIVNMQSHSRVISYEGCLTRMSFFVLFACM 
VMAYDCFVAICRPLHYPVIVNPHLCVFFVLVSFFLSPLDSQLHSWIVLLFTIIKNVEITNF 
VCEPSQLLNLACSDSVINNIFIYFDSTMFGFLPISGILLSYYKIVPSILRMSSSDGKYKGFS 
TCGSYLAVVCSFDGTGIGMYLTSAVSPPPRNGVVASVMYAVVTPMLNLFIYSLGKRDI 
10 QSVLRRLCSRTVESHDMFHPFSCVG (SEQ ID NO.: 10) 

The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV5 

15 nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
to detect nasal epithelial neuronal tissue. 

The NOV5 nucleic acid sequence has a high degree of homology (94% identity) with a 
human genomic clone cotaining an OR pseudogene (OLFR) (GenBank Accession 
No.:AF065864) ? as is shown in Table 22. The NOV5 polypeptide has homology (approximately 

20 67% identity, 79% similarity) to a human olfactory receptor (OLFR) (EMBL Accession 
No.:043789), as is shown in Table 23. Overall amino acid sequence identity within the 
mammalian OR family ranges from 45% to >80%. OR genes that are 80% or more identical to 
each other at the amino acid level are considered by convention to belong to the same subfamily. 
See Dryer and Berghard, Trends in Pharmacological Sciences , 1999, 20:413. OR proteins have 

25 seven transmembrane a-helices separated by three extracellular and three cytoplasmic loops, 
with an extracellular amino-terminus and a cytoplasmic carboxy-terminus. Multiple sequence 
aligment suggests that the ligand-binding domain of the ORs is between the second and sixth 
transmembrane domains. NOV5 is predicted to have a seven transmembrane region, and is 
similar in that region to a representative GPCR, e.g. dopamine (GPCR) (GenBank Accession 

30 No.: P20288) as is shown in Table 24. 

TABLE 22 

NOV 5 : 1 CACACCCCCATGTGCTTCTTCCTCTCCAAACTGTGCTCAGCTGACATCGGTTTCACCTTG 6 0 

I ! II ! 1 I I I I I I I I I I I I I I I I I I I I 1 I I I I I 1 I II I I M i I M I II 1 1 I I I I i I I I 

35 OLFR: 136 CACACCCCCATGTGCTTCTTCCTCTCCAACCTGTGCTGGGCTGACATCGGTTTCACCTTG 195 
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* r*r^ TV 7i.riT A. T 540 



OLFR: 
NOV5: 
OLFR: 
NOV 5 : 
OLFR: 
NOV5 : 
OLFR: 
NOV5: 
OliFR : 
NOV5: 
OLFR: 
NOV5: 
OLFR: 
NOV5 : 



421 
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556 AGCATATTvJAibm^— 

OT m,rraTGTCATCGTCAGATGGGAAGTAT 540 

-.SSSSEESSSSS: 

NOV5; 781 CATCCTTT 788 (SEQ ID NO. 53) 
OLFR : 916 cl^Ul *23 (SEQ ID NO 54) 

TABLE 23 



NOV5 : 
OLFR: 
NOV5: 
OLFR: 
NOV5 : 
OLFR : 
NOV5: 
OLFR : 



WO (11/051632 



PCT/US01/01513 



NOV5 : 


187 


MAYDCFVAICRPLHYPVIVNPHLCVFFVLVSFFLSPLDSQLHSWIVLLFTIIKNVEITNF 

* * * * * * * * * * * * * * * _^*_j_***_j_* ****** * + * *.|.*-j_*_$-** 


366 


OLFR: 


61 


MAYDRFVAICHPLHYRIIMNPRLCGFLILLSFFISLLDSQLHNLIMLQLTCFKDVDISNF 


120 


NOV 5 : 


367 


VCEPSQLLNLACSDSVINNIFIYFDSTMFGFLPISGILLSYYKIVPSILRMSSSDGKYKG 

*_j_*****_|.* * * * .j. * * * + * + + * ******* -A-***** * * * ***** * 


546 


OLFR: 


121 


FCDPSQLLHLRCSDTFINEMVIYFMGAIFGCLPISGILFSYYKIVSPILRVPTSDGKYKA 


180 


NOV5 : 


547 


FSTCGSYLAVVCSFDGTGIGIVryXTSAVSPPPRNGVVASVMYAV^ 

****** + * *** * * *** + ** + *** * ** + ****** ******* ***** +** 


726 


OLFR: 


181 


FSTCGSHIJVWCLFYGTGLVGYLSSAVLPSPRKSWASVK^TWTPMLNPFIYSLRNKDI 


240 


NOV5 : 


727 


QSVLRRLCSRTVESHDMFHPFSCVG 8 01 (SEQ ID NO . 55) 
** * ** * + + ** + *** +* 




OLFR: 


241 


QSALCRLHGRI IKSHHL-HPFCYMG 264 (SEQ ID NO. 56) 





Where * indicates identity and + indicates similarity. 



TABLE 24 

20 NOV5: 1 PMCFFLSKLCSADIGFTLA^PmiWMQSHSRVISYEGCLTRMSFFVLFACMEDMLLTV 6 0 
GPCR: 18 TTNYLIVSIAVADLLVATLVMPWVVYLEVVGEWKFSRIHCDI FVTLDVMMCTAS ILNLCA 77 

NOV5: 61 MAYDCFVAICRPLHYPVIVNPH 82 (SEQ ID NO. 57) 
GPCR: 7 8 IS IDRYTAVAMPMLYNTRYSSK 99 (SEQ ID NO. 58) 

25 

The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Thus, the NOV5 nucleic 
acid, polypeptide, antibodies and other compositions of the present invention can be used to 

30 detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOV5 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 

35 compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and wound healing. 



NOV6 

40 A NOV6 sequence according to the invention is a nucleic acid sequence encoding a 

polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
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-w of proteins A NOV 6 nucleic acid and to -coded polypeptide includes the 
(GPCR) superfamrly of proteins, a M( o FO ID NOU) is 930 nucleotides rn 

• mm The disclosed nucleic acid (SEQ ID jnu.i i; ■ 
sequences shown m Table 25. d ^ „ 

,e„ g ,h and contains an open leading frame (ORE) <ha begin 

nucleotides 22-24 and ends with a TAA stop codon at -*^-M79 ^ 

■ „• ,„ -G> to -C- substitutions in the sequence to correct stop codons. The rep 

mdrcates G to C sub ^slated regions up- and 

encodes a 294 amino add polypept.de (SEQ ID NO. 1 > 

downstream of the coding sequencer underlined in SEQ IDNO. U. 



10 



15 



20 



TABLE2^ 



25 



TCCTCTCCAAACTGTGCT £ AGCTGACAT^ 

GCCTGACACGGATGTCTTTC1 1U ATrTfi TCGCCCTCTGCACTA 
CTGACXGTOATGG— 

CCTTAGCCCGTTGGATOCCAG GTGAACCCTC TCAACTTCTC 

TCATCAAGAATGTGGAAATCACTAATT A T-ATTrATATATTTCGATAG 
AACCTTGCTTGTTCTGACAGCGTCATCAATAACATATTCATATAT^T ^^^^^ 

TACTATGTTTGGTTTTCTTCCCATTTCAGGGATCCTTTTGTCTTACTAT 

TGTCCCCTCCATTCTAAGGATGTCATCGTCAGATGGGAAGTATAAAGGCTTCT 

r^^rTG^^^TCTTACCTGGCAGTTGTTTGCTCATTTGATGGAACAGGCATT 

^"^^ 



30 



ACCACATT 



y^AT^TCTACATSTGJAAATCCT (SEQ ID NO,. 1 1) 



n t «„ AVSSDSPLHTPMCFFLSKLCSADIGFTLAMVPKMIVNMQSHSRVIS 

MYMVTVLRNLLSILAVSSDSPLH 1 Mtr uv mnWPHLCVFFVLVSFFLS 
YEGCLTRMSFFVLFACMEDMLLTVMAYDCFVAICRPLHYPV1VNPHLCVF 
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PLDSQLHSW1VLLFTIIKNVEITNFVCEPSQLLNLACSDSV1NNIFIYFDSTMFGFLPISGILL 
SYYKIVPSILRMSSSDGKYKGFSTCGSYLAVVCSFDGTGIGMYLTSAVSPPPRNGVASVM 
YAVVTPMLNLFILSLGK^IQSVLRRLCSRTVESHDMFHPFSCVGEKGQPH (SEQ ID 
NO.: 12) 

5 The OR family of the GPCR superfamily is a group of related proteins specifically 

located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV6 
nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
to detect nasal epithelial neuronal tissue. 

10 The NOV6 nucleic acid sequence has a high degree of homology (94% identity) with a 

human genomic clone cotaining an OR pseudogene (OLFR) (GenBank Accession 
No.:AF065864), as is shown in Table 26. The NOV6 polypeptide has homology (approximately 
67% identity, 79% similarity) to a human olfactory receptor (OLFR) (EMBL Accession 
No.:043789)> as is shown in Table 27. As shown in Table 28, the NOV6 polypeptide also has a 

15 high degree of homology (99% identity) with the NOV5 polypeptide. Overall amino acid 

sequence identity within the mammalian OR family ranges from 45% to >80%. OR genes that 
are 80% or more identical to each other at the amino acid level are considered by convention to 
belong to the same subfamily. See Dryer and Berghard, Trends in Phannacological Sciences , 
1999, 20:413. Thus, NOV5 and NOV6 belong to the same OR subfamily. 

20 OR proteins have seven transmembrane a-helices separated by three extracellular and 

three cytoplasmic loops, with an extracellular amino-terminus and a cytoplasmic carboxy- 
terminus. Multiple sequence aligment suggests that the ligand-binding domain of the ORs is 
between the second and sixth transmembrane domains. NOV6 is predicted to have a seven 
transmembrane region, and is similar in that region to a representative GPCR, e.g. dopamine 

25 (GPCR) (GenBank Accession No.: P20288) as is shown in Table 29. 



TABLE 26 

NOV6 : 10 ctgtccctgtccatgtatatggtcacggtgctgaggaacctgctcagcatcctggctgtc 6 9 

M II! I I MM Mill II IMIIMIIMIMMIMIIIIIMI I MINI IN Ml 

30 OLFR: 58 ctgtccctgt ccatgtat c tggt cacggtgctgaggaacc tgct cat cat cctggc tgtc 117 



NOV6 ; 70 agctctgactccccgctccacacccccatgtgcttcttcctctccaaactgtgctcagct 129 

IIMIIMI Ml I II 1 1 II I II 1 1 1 1 1 1 II II 1 1 M II I I II 1 1 IMIMI III 

35 OLFR: 118 agctctgacccccacctccacacccccatgtgcttcttcctctccaacctgtgctgggct 177 
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t-^tccacctgtggctcttacctggcagttgtttgc 669 
N0 V6 : 6X0 -gtcagatgggaagtataaaggct ctccac^g ^ ,,,,,,, M , I I I I I I 
11 I I I I HI I I H UUiiiiciUticacctgtggctctcacttggcagttgtttgc 
OLFR: 658 tcatcagatgggaagtataaagccttc 

OLFR: 718 tgattttatggaacaggcattggcgtgta 

^tacaaagtgtcctgcggaggctgtgcagcagaacagtc 849 
NOV6 : 790 ^cagcctgggaaagagggatatacaaag g g ( ( ( ( , , , , , , , , , ( , 

111,111 1111 'iilLUcaaigtgccctgcggaggctgctcagcagaacagtc 
OLFR: 838 tacagcctgagaaacagggacatacaaag g 

36 
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30 



NOV6 : 850 gaat ctcatgatatgt t ccat ccttt 875 (SEQ ID NO. 59) 

MINIMUM M M M M M M I 

OLFR: 898 gaatctcatgatctgttccatccttt 923 (SEQ ID NO. 60) 



TABLE 27. 



NOV6 : 7 PMCFFLSKLCSADIGFTLAWPKI^IVNMQSHSRVISYEGCLTRMSFFVLFACMEDMLLTV 186 

** **** * ****** ****** + ** + + ********** * + ********** + *** * + * 

10 OLFR: 1 PMYFFLSNLSLADIGFTSTTVPKMIVDMQTHSRVISYEGCLTQMSFFVLFACMDDMLLSV 6 0 

NOV6: 187 MAYDCFVAICRPLHYPVIVNPHLCVFFVLVSFFLSPLDSQLHSWIVLLFTI IKNVEITNF 366 
* * * *■ ***** ** + * + * + ** ** * +*+***+* ****** + * + * * * + * + * + + * 

OLFR: 61 MAYDRFVAI CHPLHYRI IMNPRLCGFLILLSFFISLLDSQLHNLIMLQLTCFKDVDISNF 120 

15 

NOV6 : 367 VCEPSQLLNLACSDSVINNI FI YFDSTMFGFLPISGILLSYYKIVPS ILRMSSSDGKYKG 546 
*+***★*+* *★*_,_ ** + *** + ** ******* ****** *** + + ****** 

OLFR: 121 FCDPSQLLHLRCSDTFINEMVI YFMGAIFGCLPISGILFSYYKIVSPILRVPTSDGKYKA 180 

20 NOV6: 547 FSTCGSYLAVVCSFDGTGIGMYLTSAVSPPPRNGVVASVMYAVVTPMLNLFI YSLGKRDI 726 

****** + **** * + *** + +* + *** * ** + ****** ******* ***** + * + 

OLFR : 181 FSTCGSHLAWCLFYGTGLVGYLSSAVLPSPRKSMVASVMYTVVTPMLNPFI YSLRNKDI 24 0 
NOV6: 72 7 QSVLRRLCSRTVESHDMFHPFSCVG B01 (SEQ ID NO . 61) 

25 ***** * + 4_** + *** + * 

OLFR: 241 QSALCRLHGRI IKSHHL-HPFCYMG 264 (SEQ ID NO. 62) 

Where * indicates identity and -+- indicates similarity. 



TABLE 28 



NOV6 : 25 PMCFFLSKLCSADIGFTLAMVPKMIVNMQSHSRV 84 
************************************************************ 

NOV5 : 1 PMCFFLSKLCSADIGFTLAMVPKMIVNMQSHSRVISYEGCLTRMSFFVLFACMEDMLLTV 6 0 

35 NOV6 : 85 MAYDCFVAICRPLHYPVIVNPHLCXXXXXXXXXXXXXXXQLHSWIVLLFTI IKNVEITNF 144 
************************************************************ 

NOV5 : 61 MAYDCFVAICRPLHYPVIVNPHLCVFFVLVSFFLSPLDSQLHSWIVLLFTIIKNVEITNF 120 

NOV6 : 145 VCEPSQLLNLACSDSVINNIFI YFDSTMFGFLPISGILLSYYKIVPS ILRMSSSDGKYKG 204 

NOV5: 121 VCEPSQLLNLACSDSVINNIF I YFDSTMFGFLPISGILLSYYKIVPS ILRMSSSDGKYKG 180 

NOV6 : 2 05 FSTCGSYLAWCSFDGTGIGMYLTSAVSPPPRNG- VASVMYAVVTPMLNLFILSLGKRDI 263 
********************************** ***************** ******* 

45 NOV5: 181 FSTCGSYLAWCSFDGTGIGMYLTSAVSPPPRNGWASVMYAWTPMLNLFIYSLGKRDI 240 

NOV6 : 264 QSVLRRLCSRTVESHDMFHPFSCVG 288 (SEQ ID NO. 63) 
************************* 

NOV5: 241 QSVLRRLCSRTVESHDMFHPFSCVG 265 (SEQ ID NO. 10) 

50 Where * indicates identity. 
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TABLE29 



NOV6 : 
5 GPCR: 




68 
61 



NOV6: 6 9 
GPCR 



10 NOV6 
GPCR 



15 



62 ==9===^ s 

NOV6- 189 VPSILEMSSS 198 (SEQ ID NO 65) 
SpCR, VIVLREERKR 172 (SEQ ID WO. 

The OR family of the OPCR superfamily is a group of related proteins specifically 
.ocated , the ciliated surface of olfactory sensory neurons in the nasal ^ ^ 
mw ,.d in the initial steps of the olfactory s Ig na, ™ * - 

, nucleic acid, polypeptide, antibodies and other compositions of the present 
to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR fannly of*. GPCR 

di Ies and pathologies, including by way of nonumitmg example, those — 
neurogenesis, cancer and wound healing. 

sequences shown m Table 30. T ^ ^ ^ ^ 

35 length and contains an open reading frame (ORF) . 

nucleotides ,0-,2 and ends with a TGA stop codon a, nucleot.des 882 88 

indicates .ff » T substitutions in the seauence ,0 correct stop codons. The represen 
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encodes a 309 amino acid polypeptide (SEQ ID NO: 12). Putative untranslated regions up- and 

downstream of the coding sequence are underlined in SEQ ID NO: 1 3 



TABLE 30. 

5 CACAGAGCC ACGGAATCTCACAGGTGTCTCAGAATTCCTCCTCCTGGGACTCTCAGA 
GGATCCAGAACTGCAGCCGGTCCTCGCTTTGCTGTCCCTGTCCCTGTCCATGTATCTG 
GTCACAGTGCTGAGGAACCTGCTCAGCATCCCGGCTGTCAGCTCTGACTCCCACCTC 
CACACCCCCACGTACTTCTTCCTCTCCATCCTGTGCTGGGCTGACATCGGTTTCACCT 
CGGCCACGGTTCCCAAGATGATTGTGGACATGCAGTGGTATAGCAGAGTCATCTCTC 

1 0 ATGCGGGCTGCCTGACACAGATGTCTTTCTTGGTCCTTTTTGCATGTATAGAAGGCAT 
GCTCCTGACTGTAATGGCCTATGACTGCTTTGTAGGCATCTATCGCCCTCTGCACTAC 
CCAGTCATCGTGAATCCTCATCTCTGTGTCTTCTTTGTTTTGGTGTCCTTTTTCCTTAG 
CCTGTTGGATTCCCAGCTGCACAGTTGGATTGTGTTACAATTCACCATCATCAAGAA 
TGTGGAAATCTCTAATTTTGTCTGTGACCCCTCTCAACTTCTCAAACTTGCCTCTTAT 

1 5 GACAGCGTCATCAATAGCATATTCATATATTTCGATAGTACAATGTTTGGTTTTCTTC 
CTATTTCAGGGATCCTTTCATCTTACTATAAAATTGTCCCCTCCATTCTAAGGATGTC 
ATCGTCAGATGGGAAGTATAAAACTTTCTCCACCTATGGCTCTCACCTAGCATTTGTT 
TGCTCATTTTATGGAACAGGCATTGACATGTACCTGGCTTCAGCTATGTCACCAACC 
CCCAGGAATGGTGTGGTGGTGTCAGTGATGTAAGCTGTGGTCACCCCCATGCTGAAC 

20 CTTTTCATCTACAGCCTGA GAAACAGGGACATACAAAGTGCCCTGCGGAGGCTGCG 
CAGCAGAAC (SEQ ID NO.: 13) 

TEPRNLTGVSEFLLLGLSEDPELQPVLALLSLSLSMYLVTVLRNLLSIPAVSSDSHLHTPT 
YFFLSILCWADIGFTSATVPKMIVDMQWYSRVISHAGCLTQMSFLVLFACIEGMLLTVM 
25 AYDCFVGIYRPLHYPVIVNPHLCVFFVLVSFFLSLLDSQLHSWIVLQFTIIKNVEISNFVCD 
PSQLLKLASYDSVINS1FIYFDSTMFGFLP1SGILSSYYKIVPSILRMSSSDGKYKTFSTYGS 
HLAFVCSFYGTGIDMYLASAMSPTPRNGVVVSVMXAVVTPMLNLFIYSLRNRDIQSALR 
RLRSR(SEQ ID NO.: 14) 

30 

The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. The NOV7 nucleic acid, 
polypeptide, antibodies and other compositions of the present invention can be used to detect 

35 nasal epithelial neuronal tissue. 

The NOV7 nucleic acid sequence has a high degree of homology (94% identity) with the 
human genomic clone pDJ392al7 from chromosome 1 1 (CHR1 1) (GenBank Accession 
No.:AC000385), as is shown in Table 31 . The NOV7 polypeptide has homology (approximately 
68% identity, 78% similarity ) to a human olfactory receptor (OLFR) (EMBL Accession 

40 No.:043789), as is shown in Table 32. 
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S^Oiacologi^lJmencw^^' extracellular amino- 



terminus and a cytoplasmic carboxy-termmus 



, • f the ORs is between the second and sixth transmembrane domains. 
lig and-binding domain of the ORs is betw ^ ^ ^ tQ 

NOV7ispredictedtohaveaseventransmembranereg.cn 

- roPCRUGenBank Accession No.: P20288) as is snowi 
a representative GPCR, e.g. dopamine (GPCR) (Genu 

10 in Table 33. 

TAjSdILlL ^r-t-cctcctaggactctcagagga 60 

hrt-aactcccacctccacacccc 180 

25 CHRll: 126582 ggtgctgaggaacctgctc g 

35 CHRll: 126462 tcccaaggtgattctgg 

40 CHRll: 126402 gacacagatgtctttcttgg 

45 CHRll : 126342 ggcctatggctgctttgtagccatctg 

50 CHRll: 126282 tcacctctgtgtcttcttcgttttgg 
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NOW- 481 gcacagt tggat tgtgttacaat tcaccatcat caagaatgtggaaatc tctaatt t tgt 540 

IMMIIIMIIIIIIIMIIIIIIMIIIIMIMIMIMIMMIIIMIIIMI I 

CHR11: 126222 gcacagt tggat tgtgt tacaattcaccat catcaagaatgtggaaat ctctaatttt tt 126163 
NOV7 : 541 c tg tgac ccc t c t caac t t c t caaac t tgc c t c t t at gacagcg t ca t caa t agca t a t t 600 

1 1 1 1 1 1 1 1 1 I M I I I IIIMIII MMIII II IIIIMIIMIMIIMIIIIIM 

CHR11: 126162 ctgtgacccct c t cagct t c t caacct tgcctgt t ctgacagcgt cat caatagcat at t 126103 
NOV7 : 601 catatatt t cgatagtacaatgtt tggt tt tctt cctatttcagggat cctttcatct ta 660 

IIIMIIIIIIIIIIIM Mlllllllllllllll IIIIIIIIMIIIIII Mill 

CHR11: 126102 catatat ttcga tagtactatgt t tggt ttt ct tcccatt t cagggat ccttt tgt ctta 126043 
NOV7 : 661 ctataaaattgtcccctccattctaaggatgtcatcgtcagatgggaagtataaaacttt 720 

IIIIIMIIIIMIIIIIIIIMIIMIIIIIIIIIMIIIIIIMIIIIIMM I II 

CHR11: 126042 ct a taaaat tgt cccct ccat t c taaggatgt cat cgt cagatgggaagtataaagcct t 125983 
NOV7 -. 721 ct ccacc t a tggct ctcacctagcat ttgt ttgctcattttatggaacaggcattgacat 780 

IIIIIIIIIIIIIIIIIIMIII I MINIMI IIIIIIIMIIII illH 1 1 1 

CHR11: 125982 ct ccacctatggct ct cacctaggagt tgtttgctggttttatggaacagtcat tggcat 125923 
NOV7 : 781 gt acctggct t cage ta tgtcaccaacccccaggaatggtgtggtggtgt cagtgatgt a 840 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IIIMIII MIIIMMIIIMIIMMI IIIMIIIIM 

CHR11: 125922 gtacctggct t cagccgtgt caccaccccccaggaatggtgtggtggcat cagtgatgta 125863 
NOV7 : 841 agctgtggt cacccccatgctgaacct tt t cat ctacagcctgagaaacagggacataca 900 

MMMMIMIIIIIIMIIMIIMIIMMIIIIMIIMIMIIIIIIMIMM 

CHR11: 125862 ggctgtggt cacccccatgctgaacct ttt cat ctacagcctgagaaacagggacataca 125803 
NOV7 : 901 aagtgccc tgcggaggctgcgcagcagaac 930 (SEQ ID NO. 13) 

1 1 II II M i 1 1 II 1 1 M I M 1 1 1 1 1 1 1 M I 

CHR11: 125802 aagtgccctgcggaggctgcgcagcagaac 125773 (SEQ ID NO. 68) 

TABLE 32 

N0V7: 179 PTYFFLSILCWADIGFTSATVPKMIVDMQWYSRVISHAGCLTQMSFLVLFACIEGMLLTV 358 
* ***** * ******* ********** + ***** + ******** *****++ ***+* 

OLFR; 1 PMYFFLSNLSIJ^DIGFTSTTVPKMIVDMQTHSRVISYEGCLTQMSFFVLFACMDDMLLSV 60 

NOV7: 359 MAYDCFVGI YRPLHYPVI VNPHLCVFFVLVSFFLSLLDSQLHSWIVLQFTI IKNVEISNF 538 

**** ** * **** + * + * * ** + +* 4. *** + * ******* + * + + * + * + * + ***+ 

OLFR: 61 MAYDRFVAICHPLHYRI IMNPRLCGFLILLSFFISLL.DSQLHNLIMLQLTCFKDVDI SNF 120 

NOV7: 539 VCDPSQLLKLASYDSVINS I FI YFDSTMFGFLPISGILSSYYKIVPSILRMSSSDGKYKT 718 
******* * * + ** + *** + ** ******* ****** *** + + ****** 

OLFR: 121 FCDPSQLLHLRCSDTFINEMVI YFMGAIFGCLPISGILFSYYKIVSPILRVPTSDGKYKA 180 

NOV7: 719 FSTYGSHLAFVCSFYGTGIDMYLASAMSPTPRNGVWSVM+AWTPMLNLFIYSLRNRDI 898 
**+ ***** ** ****+ + +* + ** + *+** + + *** ******* ******* + ** 

OLFR: 181 FSTCGSHLAWCLFYGTGLVGYLSSAVLPSPRKSMVASVMYTWTPMLNPFI YSLRNKDI 240 
NOV7: 899 QSALRRLRSR 928 (SEQ ID NO. 69) 



OLFR: 241 QSALCRLHGR 250 {SEQ ID NO . 70) 

Where * indicates identity and + indicates similarity. 
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KOV7 : 44 
GPCR : 2 



1ABL£i5 e t t r w AD1 GFT S ATVPKMIVDMQWY SRV I SHAGCLTQM 103 



,SEQ XD NO. 71) 
SEQ ID N0 - 72 ' 



10 



15 



20 



25 



rsREKALQTTTNYLlVSLAV, 

GPCR: 

- S* SSSSS5SS5SSSSSS 

be used,, detect nasal epithelial neuronal t,ssue. 

neurogenesis, cancer and wound healing. 

(GPCR) superfamily of proteins. ^ nucleotides in 

u m in Table 34 The disclosed nucleic acid (SEQ 1U NU. ; 
sequences shown m Table 34. /rvorn that begins with an ATG initiation codon at 

iengthandcontainsanopenreadmgframe^thatbeg repre sentative 

j "tu -a TG A stOD codon at nucleotides y\y)-y ' 1 • 1 uc v 
nucleotides 27-29 artd ends wtth a TGA stop ^ ^ 

ORF encodes a 314 amino acid polypept.de (SEQ IDNO.1* 
an d do—u of *e coding seouence are underlnred ,n SEQ .D 



30 




5 ??S?S^TOOTCAC«K^^«^ T 
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GGAGAAGGTGCCACCTCCTATGGAGGTGGTGCAGCTCAAATATTCTTCCTCACACTG 
ATGGGTGTGGCTGAGGGCGTCCTGTrGGTCCTCATGTCTTATGACCGTTATGTTGCTG 
TGTGCCAGCCCCTGCAGTATCCTGTACTTATGAGACGCCAGGTATGTCTGCTGATGA 
TGGGCTCCTCCTGGGTGGTAGGTGTGCTCAACGCCTCCATCCAGACCTCCATCACCC 
5 TGCATTTTCCCTACTGTGCCTCCCGTATTGTGGATCACTTCTTCTGTGAGGTGCCAGC 
CCTACTGAAGCTCTCCTGTGCAGATACCTGTGCCTACGAGATGGCGCTGTCCACCTC 
AGGGGTGCTGATCCTAATGCTCCCTCTTTCCCrCATCGCCACCTCCTACGGCCACGTG 
TTGCAGGCTGTTCTAAGCATGCGCTCAGAGGAGGCCAGACACAAGGCTGTCACCAC 
CTGCTCCTCGCACATCACGGTAGTGGGGCTCTTTTATGGTGCCGCCGTGTTCATGTAC 
1 0 ATGGTGCCTTGCGCCTACCACAGTCCACAGC AGGATAACGTGGTTTCCCTCTTCTAT 
AGCCTTGTCACCCCTACACTCAACCCCCTTATCTACAGTCTGAGGAATCCGGAGGTG 
TGGATGGCTTTGGTCAAAGTGCTTAGCAGAGCTGGACTCAGGCAAATGTGCTGACT 
ACATAGAAACTGCTGGTGAGA ( SEP ID NO.: 15 ) 



1 5 MGDVNQSVASDFILVGLFSHSGSRQLLFSLVAVMFV1GLLGNTVLLFLIRVDSRLHTPMY 
FLLSQLSLFDIGCPMVTIPKMASDFLRGEGATSYGGGAAQIFFLTLMGVAEGVLLVLMS 
YDRYVAVCQPLQYPVLMRRQVCLLMMGSSWVVGVLNASIQTSITLHFPYCASRIVDHF 
FCEVPALLKLSCADTCAYEMALSTSGVLILMLPLSLIATSYGHVLQAVLSMRSEEARHK 
AVTTCSSHITVVGLFYGAAVFMYMVPCAYHSPQQDNVVSLFYSLVTPTLNPLIYSLRNP 

20 EVWMALVKVLSRAGLRQMC (SEQ ID NO.: 1 6) 

The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. NOV8 nucleic acids, 

25 polypeptides, antibodies, and other compositions of the present invention can be used to detect 
nasal epithelial neuronal tissue. 

The NOV8 polypeptide has homology (approximately 44% identity, 65% similarity) to 
the human olfactory receptor family 2 subfamily F, member 1 (OLFR) (EMBL Accession 
No.:NP 036501), as is shown in Table 35. The NOV8 polypeptide also has homology (44% 

30 identity, 65% similarity) to the rat olfactor receptor-like protein OLF3 (SwissProt Accession No.: 
Q13607), as is shown in Table 36. Overall amino acid sequence identity within the mammalian 
OR family ranges from 45% to >80%. OR genes that are 80% or more identical to each other at 
the amino acid level are considered by convention to belong to the same subfamily. See Dryer 
and Berghard, Trends in Pharmacological Sciences , 1999, 20:413. OR proteins have seven 

35 transmembrane a-helices separated by three extracellular and three cytoplasmic loops, with an 
extracellular amino-terminus and a cytoplasmic carboxy-terminus. Multiple sequence aligment 
suggests that the ligand-binding domain of the ORs is between the second and sixth 
transmembrane domains. NOV8 is predicted to have a seven transmembrane region, and is 
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state in that region to a representative GPCR, e.g. dopamme (QPCR) I 

No.: P20288) as is shown in Table 37. 



NOV8 - ** + *+***+** * +* ** * „ + * PNCLTVLLIRL.DSRLHTPMY *0 



NOV8 : 1 i»io^vi.>si- ** * **+*+ +-•"•- 

NOV8 ^ 1M ~ S C MT ™ S — » V , - 

M .CVS', C ss H1 ™-«c rf .O^s-^^s.— »• 



25 NOV8: 301 LVKVL 3 05 (SEQ ID NO. 73) 



* + * 



OLiFR ' 301 WQKXiIj 305 (SEQ ID NO. 74) 

Xe * indicates identity and + indicates similarity. 



30 TABLE 36 

NOV8 : 2 



HOVB . 207 ^^c^*™^^^ To 

45 N0V8 : M , 74 ; o 



NOV8 : 74 

50 
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NOV8: 927 LVKVL.SR- AGL 956 (SEQ ID NO. 75) 
* 4-* + * * 

OLFR: 3 01 WQKLLWKFSGL 311 (SEQ ID NO . 76) 

5 

Where * indicates identity and + indicates similarity. 
TABLE 37 

NOV 8 : 41 GNTVLLFLIRVDSRLHTPMYFLLSQLSLFDIGCPMVTIPKMASDFLRGEGATSYGGGAAQ 100 
10 GPCR: 1 GNVLVCMAVSREKALQTTTNYLIVSLAVADLLVATLVMPWVVYLEWGEWKFSRIHCDIF 6 0 

NOV8 : 101 IFFLTLMGVAEGVLLVLMSYDRYVAVCQPLQYPVLM-RRQVCLLMMGSSWVVGVLNASIQ 159 
GPCR: 61 \n^LDVMMCTASILNLCA.ISIDRYTAVAMPMLYNTRYSSKi?RVTVMIAIVWLSFTISCPM 12 0 

15 NOVa : 160 TS I TLHFP YCASR I VDHFFCE VPALLKIiSCADTCAYEMALS TSG VL I LMLPLSL I ATS YG 219 
GPCR : 121 L.FGLNNTDQN ECI IA- -NPAFWYSSIVSFYVPFIVTLLVYI 16 0 

NOV8: 220 HVLQAVLSMRSEEA 233 (SEQ ID NO. 77) 
GPCR: 161 KIYIVLRRRRKRVN 174 (SEQ ID NO. 78) 

20 

The OR family of the GPCR superfamily is a group of related proteins located at the 
ciliated surface of olfactory sensory neurons in the nasal epithelium. The OR family is involved 
in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV8 nucleic 
acid, polypeptide, antibodies and other compositions of the present invention can be used to 

25 detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOV8 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 

30 compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and wound healing. 



NOV9 

35 A NOV9 sequence according to the invention is a nucleic acid sequence encoding a 

polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOV9 nucleic acid and its encoded polypeptide includes the 
sequences shown in Table 38. The NOV8 nucleic acid sequence (SEQ ID NO.: 15) was further 
analyzed by exon linking, and the resulting sequence was identified as NOV9. The disclosed 

40 nucleic acid (SEQ ID NO: 17) is 994 nucleotides in length and contains an open reading frame 
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wo .»».»> nucleotides 28 . 30 and ends with a TAG stop 

(ORFJtha.begmswnhanATG.nn. ORF encodes a 317 amino acid polypeptide 

i ^;h pc Q79-981 The representative OKI* encodes a j 
codon at nucleotides 979 981 . P , ownstre am of the coding sequence are 

(SEQ lDNO:18). Putative untranslated regions up- and downstream 

underlined in SEQ ID NO: 17. 



GgSgGTGCCACCTCC^ 

cStactoaagctctcctgtg^ 

C AGGGGTGCTGATCCTAATGCTCCCTCTTTCC^ u fl. ACA AGGCTGTCACCA 
OT?GCAGGCTGTOTAAGCATOCG^ 

?SGASrSSIGGTGAGA(SEQlDNO,. 17) 

- 5 MGDVHQSVASDFIEVGLFSHSGSR^ 

FLLSQLSLFDiGCPMVTIP^ASDFLRGEGA^ 

YDRYV AVCQPLQYPVLMRRQVCLLMMGSbW v GHVLQAVLSMRS EEARHK 
30 ™l™^AGLRQMCMTT (SEQ 1DMO, 18) 

The OR family of the GPCR superfamily is a group of related protents specif,* 

nudeic acid, polypeptide, antibodies and other composes of the present 

the human olfactory receptor family 2 subfamily F, member 1 (OLFR.) ^^^^ C ^^^ n ^ 
- , • t«Wp 39 The NOV9 polypeptide also has a high degree 01 
No.:NP 036501), as is shown in Table 39. the inuv? f 
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homology (99% identity) to the NOV8 polypeptide as shown in Table 40. Overall amino acid 

sequence identity within the mammalian OR family ranges from 45% to >80%. OR genes that 
are 80% or more identical to each other at the amino acid level are considered by convention to 
belong to the same subfamily. See Dryer and Berghard, Trends in Pharmacological Sciences , 
5 1999, 20:413. Thus NOV8 and NOV9 belong to the same subfamily of ORs. 

OR proteins have seven transmembrane a -helices separated by three extracellular and 
three cytoplasmic loops, with an extracellular amino-terminus and a cytoplasmic carboxy- 
terminus. Multiple sequence aligment suggests that the ligand-binding domain of the ORs is 
between the second and sixth transmembrane domains. NOV9 is predicted to have a seven 
10 transmembrane region, and is similar in that region to a representative GPCR ? e.g. dopamine 
(GPCR) (GenBank Accession No.: P20288) as is shown in Table 41. 



TABLE 39 



15 NOV9: 1 MGDVNQSVASDFILVGLFSHSGSRQLLFSLVAVMFVIGLLGNTVIiLFLIRVDSRLiHTPMY 60 
** ** + * + **-* + ** * +* ** * **+* + + *** +++ ***+********* 
OLFR: 1 MGTDNQTWVSEFILLGLSSDWDTRVSLFVLFLVMYVVTVLGNCLIVLLIRLDSRLHTPMY 60 

NOV9 : 61 FLLSQLSLFDIGCPIWTIPKMASDFLRGEGATSYGGGAAQIFFLTLMGVAEGVLLVLMSY 12 0 

20 * *+ *** *+ + ** * + *+*+** + * * *** + * + * 

OLFR: 61 FFLTNLSLVDVSYATSWPQLLAHFLAEHKAIPFQSCAAQLFFSLALGG 120 
NOV9: 121 DRYVAVCQPLQYPVLMRRQVCLLiMMGSSWWGVLNASIQTSITLHFPYCASRIVDHFFCE 180 

******* * + * +* + 4.*** * + + + +** + ** * * ++ + ** ** 

25 OLFR: 121 DRYVAVCDALRYS AIMHGGLCARLAI TS WVS GFI S S PVQTAI TFQLPMCRNKFI DH I S CE 180 

NOV9: 181 VPALLKLSCADTCAYEMALSTSGVLILMLPLSLIATSYGHVLQAVLSMRSEEARHKAVTT 240 

+ * +++ * + * ** + *+ + * + + + ** ** *+ *+ ++ + * + -+-* * * ** * 
OLFR: 181 LLAVVRLACVDTSSNEVTIMVSSIVLIJyiTPLCLVLLSYIQIISTILKIQSREGRKKAFHT 240 

30 

NOV9: 241 CSSHITWGLFYGAAVFMYMVPCAYHSPQQDNWSLFYSLVTPTLNPLI YSLRNPEVWMA 300 

* + ** + *** * ** * + * * + * + * *+ + *+**+++** ***+****** ** * 
OLFR: 241 CASHLTWALCYGVAIFTYIQPHSSPSVLQEKLFSVFYAILTPMLNPMIYSLRNKEVKGA 300 

35 NOV9: 301 LVKVL 305 (SEQ ID NO. 79) 
* + * 

OLFR: 301 WQKLL 305 (SEQ ID NO. 80) 

Where * indicates identity and + indicates similarity. 
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TABLE 40 



NOV9 : 1 MGDVNQSVASDFILVGLFSHSGSRQLLFSLVAVMFVIGLLGNTVLLFLIRVDSRLHTPMY 6 0 
*********************+***********+*******+****************** 
45 NOV8 : 1 MGDVNQSVASDFILVGLFSHSGSRQLLFSLVAVMFVIGLLGNTVLLFLIRVDSRLHTPMY 6 0 



NOV9 : 61 FLLSQLSLFDIGCPMVTIPKMASDFLRGEGATSYGGGAAQIFFLTLMGVAEGVLLVLMSY 12 0 
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NO V9, 121 ^pp^sRJVDHFFCE 



180 
180 



NOV8 : 



lQ AVLSMRSEEARHKAVTT 240 



NO V9- 181 VPAI^KLSCADTCAYEMALSTSG 

10 Z: 18 i 

4 i csshi—^—^ 

NO V9: 241 ^TH* 300 
N0 V8: 241 CSSHXTW^YaAAVFMVMVPCAYHSPQQDNWSLFYSI, 

15 HO VS>: 301 .VKVI^RQMCMTT 317 (SEQ ID «0 ■ 17) 



r ******** 



NO V8: 301 LVKVLSRAGLRQMC- 

Where * indicates identity. 



314 (SEQ ID NO. 15) 



20 



NOV 9 
GPCR 



25 



• ^SSSSSSSSSSSSSSSS ~ 

, wT-onnnTClAYEMAliSTSGVLILMLPLSLIATSYG 219 
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GPCR 61 VTLDVMMCTASIU^^-^- 1 - 1 ^ 

GPCR: 121 LFGIjHNTDQN 

NO V 9 : 220 HVIiQAVLSMRSEEA 233 (SEQ ID NO- 83) 
GPCR: 161 KIYIVLRRRRKRW 174 (SEQ ID * 

The OR far* of ,he GPCR sup— is a group of related proteins specific* 

t0 detect nasal epithelial neuronal ttssue. f the OR family of the GPCR 

Based on its relatedness to the known members of the OR family o 
f N OV9 satisfies a need in the art by providing new diagnostic or therapeufc 
superfamrly, NOV, ^ ^ a , terations in Uie express of 

members of OR family P gis of a vanet y of 

composUionsofthepresentinvent.onareusefulmthetreatrn 

dlse L and pathologies, in* hy way of no— g example, those 

45 neurogenesis, cancer and wound healing. 
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NOV10 

A NOV 10 sequence according to the invention is a nucleic acid sequence encoding a 
5 polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOV 10 nucleic acid and its encoded polypeptide includes 
the sequences shown in Table 42. The disclosed nucleic acid (SEQ ID NO: 1 9) is 1 ,077 
nucleotides in length and contains an open reading frame (ORP) that begins with an ATG 
initiation codon at nucleotides 3 1-33 and ends with a TAG stop codon at nucleotides 1 ,030- 
1 0 1 ,032. The representative ORF encodes a 3 1 8 amino acid polypeptide (SEQ ID NO:20). Putative 
untranslated regions up- and downstream of the coding sequence are underlined in SEQ ID NO: 
19. Exon linking was used to confirm the sequence. 



TABLE 42. 

1 5 CAGGTTCATTGACAAGGTCATACCAACCAG ATGAATCCAGCAAATCATTCCCAGGT 
GGCAGGATTTGTTCTACTGGGGCTCTCTCAGGTTTGGGAGCTTCGGTTTGTTTTCTTC 
ACTGTTTTCTCTGCTGTGTATTTTATGACTGTAGTGGGAAACCTTCTTATTGTGGTCA 
TAGTGACCTCCGACCCACACCTGCACACAACCATGTATTTTCTCTTGGGCAATCTTTC 
TTTCCTGGACTTTTGCTACTCTTCCATCACAGCACCTAGGATGCTGGTTGACTTGCTC 

20 TCAGGCAACCCTACCATTTCCTTTGGTGGATGCCTGACTCAACTCTTCTTCTTCCACT 
TCATTGGAGGCATCAAGATCTTCCTGCTGACTGTCATGGCGTATGACCGCTACATTG 
CCATTTCCCAGCCCCTGCACTACACGCTCATTATGAATCAGACTGTCTGTGCACTCCT 
TATGGCAGCCTCCTGGGTGGGGGGCTTCATCCACTCCATAGTACAGATTGCATTGAC 
TATCCAGCTGCCATTCTGTGGGCCTGACAAGCTGGACAACTTTTATTGTGATGTGCCT 

25 CAGCTGATCAAATTGGCCTGCACAGATACCTTTGTCTTAGAGCTTTTAATGGTGTCTA 
ACAATGGCCTGGTGACCCTGATGTGTTTTCTGGTGCTTCTGGGATCGTACACAGCAC 
TGCTAGTCATGCTCCGAAGCCACTCACGGGAGGGCCGCAGCAAGGCCCTGTCTACCT 
GTGCCTCTCACATTGCTGTGGTGACCTTAATCTTTGTGCCTTGCATCTACGTCTATAC 
AAGGCCTTTTCGGACATTCCCCATGGACAAGGCCGTCTCTGTGCTATACACAATTGT 

30 CACCCCCATGCTGAATCCTGCCATCTATACCCTGAGAAACAAGGAAGTGATCATGGC 
CATGAAGAAGCTGTGGAGGAGGAAAAAGGACCCTATTGGTCCCCTGGAGCACAGAC 
CCTTACATTAGCAGAGGCAGTGACCTGAGAATCTGAAAGATGCTACAGGGTATTAG 
CAGAGGCAGTGACCTGAGAATCTGAAAGATGCTACAGGGTATTAG (SEQ ID NO. : 1 9) 

35 MNPANHSQVAGFVLLGLSQVWELRFVFFTVFSAVYFMTVVGNLLIVVIVTSDPHLHTT 
MYFLLGNLSFLDFCYSSITAPRMLVDLLSGNPTISFGGCLTQLFFFHFIGGIKIFLLTVMAY 
DRYIAISQPLHYTLIMNQTVCALLMAASWVGGFIHSIVQIALTIQLPFCGPDKLDNFYCD 
VPQLIKLACTDTFVLELLMVSNNGLVTLMCFLVLLGSYTALLVMLRSHSREGRSKALST 
CASHIAVVTLIFVPCIYVYTRPFRTFPMDKAVSVLYTIVTPMLNPA1YTLRNKEVIMAMK 

40 KLWRRKKDPIGPLEHRPLH (SEQ ID NO.: 20) 
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The OR family of the OPCR superfamily is a group of rdated proteins specifically 
■ocated a, the ci.ia.ed surface of olfactory sensory neurons in the nasal epimelium and are 
Lved in the initial steps of me oifaetory signa, transduction cascade. Accordm g ,y, the 

be used to detect nasal epithelial neuronal tissue. 

TheHOViOpoiypeptidehas—yCapp— , y identity, 72% stmtiartty) to 

ta oifaetory receptor MORS3 (OLFR) (EMBL Accessio„No,BAA86, 25 ), as is shown ,nTaHe 
>80% OR genes that are UK or more identical to each outer a, the amino acd level » 

pwnac^lp^ic^lSei^ 1999, 20:413. ORproteins have seven transmembrane a-hehces 
"ty^^elMar and three cytoplasmic loops, with an extracellular annuo 
It Id a cytoplasmic carhoxy-terminus. Multiple seouence ali g men, su gg ests *a, the 

representative OPCR, , g . dopamine (OPCR) (GenBank AccesstonNo, P20288) 
Table 44. 



30 



40 



N ° * * + + * * + * * + + ! ^ T,m^TVFTPRLHNPMY 60 



+ + 

1 MGALNQTRVTE 



OLFR : 
25 NOV10: 259 
OLFR: 

NOV10: 43 9 DRYIAI 



FIFLGLTDNWVIjEILFFVPFTVTYMIjTIJ.GNFIjIWTIVFTPRLHNPMY 



OLFR : 
NOV10 : 



S1 F^™™™;^^ 

121 ^ct;^— — w^rHsr.vo.F.Tt^ca^ttos^ IM 



35 0 ,ff. 1.x ;;pv; KI :;~u;;;;; T r s L;cF^s OT ,F S ,»«^ T c 

7S9 M » IM ™FVPC I VV,«FP» f VS^ 

+ + * **** * ***++**** + + T ^^ v ™ mTPT t.mpliyTLRNEEVKTAMKH 



NOV10 : 
OLFR: 
NOVIO: 



241 SAHFMWTLFFGPCIFL 
979 LWRRK 993 (SEQ ID NO. 85) 



OTRPDSSFSIDKWSVFYTWTPLLNPL 



OLFR: 301 ^RQRR 305 (SEQ ID NO. 86) 

Where * indicates identity and + indicates similarity^ 
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TABLE 44 

NOV10 : 41 GNI.LIWIVTSDPHLHTTMYFLLGNLSFLDFCYSSITAPRMLVDLLSGNPTISFGGCLTQ 100 

GPCR : 1 GNVLVC^VSREKALQTTTNYL.IVSLJ\VADLLVATLVMPWVVyLEVVGEWKFSRIHCDIF 60 

5 

NOV10 : 101 LFFFHFIGGIKIFLLTVT^YDRYIAISQPLHYTLIMNQ-TVCALLMAASWVGGFIHSIVQ 159 

GPCR: 61 VTLDVMMCTASII^LCAISIDRYTAV/^MPMLYNTRYSSKRRVTVMIAIVWVLSFTISCPM 12 0 

NOV10 : 160 IALTIQLPFCGPDKLDNFYCDVPQLIKIACTDTFVLELLMVSNNGLVTLMCFLVX.LGSYT 219 
10 GPCR : 121 LFGLNNTDQNE CIIANPAFWY- -SSI VS F YVP FI VTLLVY I 160 

NOV10: 220 ALLVMLRSHSREGRSKA 236 (SEQ ID NO. 87) 
GPCR: 161 KI Y I VLRRRRKRVNTKR 177 (SEQ ID NO. 88) 

1 5 The OR family of the GPCR superfamily is a group of related proteins specifically 

located at the ciliated surface of olfactory sensory neurons in the nasal epithelium that are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 
NOV 10 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

20 Based on its relatedness to the known members of the OR family of the GPCR 

superfamily, NOV 10 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 
compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 

25 diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and wound healing. 

NOV11 

A NOV1 1 sequence according to the invention is a nucleic acid sequence encoding a 
30 polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOV1 1 nucleic acid was discovered by exon linking analysis 
of NOV2 (SEQ ID NO.: 3). A NOV1 1 nucleic acid and its encoded polypeptide includes the 
sequences shown in Table 45. The disclosed nucleic acid (SEQ ID NO:21) is 1,012 nucleotides 
in length and contains an open reading frame (ORF) that begins with an ATG initiation codon at 
35 nucleotides 54-56 and ends with a TGA stop codon at nucleotides 984-986. The representative 
ORF encodes a 310 amino acid polypeptide (SEQ ID NO:22). Putative untranslated regions up- 
and downstream of the coding sequence are underlined in SEQ ID NO: 21 . 
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LGVERAL (SEQ ID NO.: 22) 
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two members of the same OR subfamily. OR proteins have seven transmembrane a-helices 

separated by three extracellular and three cytoplasmic loops, with an extracellular amino- 
terminus and a cytoplasmic carboxy-terminus. Multiple sequence aligment suggests that the 
ligand-binding domain of the ORs is between the second and sixth transmembrane domains. 
5 NOV1 1 is predicted to have a seven transmembrane region, and is similar in that region to a 

representative GPCR, e.g. dopamine (GPCR) (GenBank Accession No.: P20288) as is shown in 
Table 48. 



TABLE 46 

10 NOVll: 1 MGDNITSITEFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYF 60 

******** *************************************************** 
OLFR: 1 MGDNITSIREFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYF 60 

NOVll: 61 FLSHl^VVDIAYACNTVPRMLVNLLHPAKP^^ 120 

15 ************************************************************ 

OLFR: 61 FLSHIAVVDIAYACNTVPRMLVlSrLLHPAKPISFAGRMMQTFLFSTFAVTECLLL 12 0 

NOVll: 121 LYVAICHPLRYI^IMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIYHFFCEI 180 
************************************************************ 
20 OLFR: 121 LYVAICHPLRYLAIMTWRVCITLAVTSWTTGVLLSLIHLA^LLLPLPFCRPQKIYHFFCEI 180 

NOVll: 181 LAVLKLACADTHINENMVLAGAISGLVGPLSTIWSYMCILCAILQIQSREVQRKAFCTC 24 0 

********************************************************* * * 
OLFR: 181 LAVLKLACADTHINENMVLAGAISGLVGPLSTIWSYMCILCAILQIQSREVQRKAFRTC 24 0 

25 

NOVll: 241 FSHLCVIGLFYGTAIIMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICSLRNSEVKNTL 300 

********* ************************************************** 
OLFR: 241 FS HLC VI GLVYGTA I IMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPL ICS LRNSEVKNTL 3 00 

30 NOVll: 301 KRVLGVERAL 310 (SEQ ID NO.: 64) 

********** 

OLFR: 301 KRVLGVERAL 310 (SEQ ID NO . : 67) 
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Where * indicates identity. 
TABLE 47 

NOVll : 1 MGDNITS ITEFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLI SLDSRLHAPMYF 60 

******** *************************************************** 
NOV2 : 1 MGDNITS IREFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLI SLDSRLHAPMYF 6 0 

NOVll: 61 FLSHIJ\VVDIAYACNTVPRMLVNLLHPAKPISFAGRMMQTFLFSTFAVTECLLLVVMSYD 120 

************************************************************ 
NOV2 : 61 FLSHIAWDIAYACNTVPRMLVNLLHPAKPISFAGRIWQTFLFSTFAVTECLLLWMSYD 120 



45 NOVll: 121 LYVAICKPLRYLAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIYHFFCEI 180 
************************************************************ 
NOV2 : 121 LYVAICHPLRYLAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIYHFFCEI 180 



NOVll : 181 LAVLKI^CADTHINENMVLAGAISGLVGPLSTIWSYMCILCAILQIQSREVQRKAFCTC 240 

53 
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WO01/U51632 ****************************** ** 

* in =E== - 

KOVll:301 KRVLGVERRL 310 (SEQ ID NO.: 22) 

********** . 

10 N OV2: 3 01 KRVLGVERAL 310 ( SEQ ID NO 4) 

Where * indicates identity. 
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1 5 GPCR : I 4 

NOV11 : 113 
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(GPCR) superfamily of proteins. . A NOV 12 nucleic acid was discovered by exon linking 

analysis of NOV2 (SEQ ID NO.: 3). A NOV12 nucleic acid and its encoded polypeptide 
includes the sequences shown in Table 49. The disclosed nucleic acid (SEQ ID NO:23) is 1,014 
nucleotides in length and contains an open reading frame (ORF) that begins with an ATG 
5 initiation codon at nucleotides 55-57 and ends with a TGA stop codon at nucleotides 985-987. 
The representative ORF encodes a 310 amino acid polypeptide (SEQ ID NO:24). Putative 
untranslated regions up- and downstream of the coding sequence are underlined in SEQ ID NO: 
23. 



10 TABLE 49. 

TAAACACTTCTCCTAAACCATGAGCATTAACTTGATTTCCTCTGTCATAGGGAT ATG 
GGGGACAATATAACATCCATCACAGAGTTCCTCCTACTGGGATTTCCCGTTGGCCCA 
AGGATTCAGATGCTCCTCTTTGGGCTCTTCTCCCTGTTCTACGTCTTCACCCTGCTGG 
GGAACGGGACCATACTGGGGCTCATCTCACTGGACTCCAGACTGCACGCCCCCATGT 

1 5 ACTTCTTCCTCTCACACCTGGCGGTCGTCGACATCGCCTACGCCTGCAACACGGTGC 
CCCGGATGCTGGTGAACCTCCTGCATCCAGCCAAGCCCATCTCCTTTGCGGGCCGCA 
TGATGCAGACCTTTCTGTTTTCCACTTTTGCTGTCACAGAATGTCTCCTCCTGGTGGT 
GATGTCCTATGATCTGTACGTGGCCATCTGCCACCCCCTCCGATATTTGGCCATCATG 
ACCTGGAGAGTCTGCATCACCCTCGCGGTGACTTCCTGGACCACTGGAGTCCTTTTA 

20 TCCTTGATTCATCTTGTGTTACTTCTACCTTTACCCTTCTGTAGGCCCCAGAAAATTT 
ATCACTTTTTTTGTGAAATCTTGGCTGTTCTCAAACTTGCCTGTGCAGATACCCACAT 
CAATGAGAACATGGTCTTGGCCGGAGCAATTTCTGGGCTGGTGGGACCCTTGTCCAC 
AATTGTAGTTTCATATATGTGCATCCTCTGTGCTATCCTTCAGATCCAATCAAGGGAA 
GTTCAGAGGAAAGCCTTCTGCACCTGCTTCTCCCACCTCTGTGTGATTGGACTCTTTT 

25 ATGGCACAGCCATTATCATGTATGTTGGACCCAGATATGGGAACCCCAAGGAGCAG 
AAGAAATATCTCCTGCTGTTTCACAGCCTCTTTAATCCCATGCTCAATCCCCTTATCT 
GTAGTCTTAGGAACTCAGAAGTGAAGAATACTTTGAAGAGAGTGCTGGGAGTAGAA 
AGGGCTTTATGA AAAGGATTATGGCATTGTGACTGACAA (SEQ ID NO.: 23) 

30 MGDNITSITEFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYFFL 
SHLAVVDIAYACNTVPRMLVNLLHPAKPISFAGRMMQTFLFSTFAVTECLLLVVMSYDL 
YVAICHPLRYLAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIYHFFCEILA 
VLK1ACADTHTNENMVLAGAISGLVGPLSTIVVSYMCILCAILQIQSREVQRKAFCTCFSH 
LCVIGLFYGTAIIMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICSLRNSEVKNTLKRV 

35 LGVERAL (SEQ ID NO.: 24) 



The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 
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15 representative OPCR, e. g . dopamine (OPCR) (GenBan* Access™ No.. P20.8 
Table 52. 

oTriMT TjFGLFSIjFYVFTLiLiGNGTIIjGIjISIjDSRIjHAPMYF 60 

BOV1 , .x ^.a— c_™, --f-^ii!^^—*" 120 o 

HOV12. ********************* * * **™^ IpiiQmflMQTFLFSTFAVTECIjXiLVVMSYD 120 
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=— ^ 

30 w xax x,vr,™ H x N H~x— .f.!!!^^ 1 .^^* " 
Z- x» — x— - ,o 

NOV12: 301 KRVLGVERAIj 310 (SEQ IP NO.: 24) 
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** 



******** 



OLFR: 301 KRVLGVERAL 310 (SEQ ID NO.: 89) 

Where * indicates identity. 
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TABLE 51. 

NOV12: 1 MGDNITSITEFLLLGFPVGPRIQMLLFGLFSL.FYVFTLLGNGTILGLISLDSRLHAPMYF 60 

******** *******************************+******************* 

NOV2 : 1 MGDN I TS I REFLLLGFPVGPR I QMLLFGLFSLFYVFTLLGNGT I LGL I SLDS RLHAPMYF 60 

NOV12 : 61 FLSHIxA-VVDIAYACNTVPRMLVNLIjHPAKPISFAGRMMQTFIjFSTFAV 120 
************************************************************ 

NOV2 : 61 FLSHLAVVDIAYACNWPRMLVNLLHPAKPI^^ 120 

NOV12: 121 LWAICHPLRYLAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIYHFFCEI 180 
************************************************************ 

NOV2 : 121 LWAICHPLRYLAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIYHFFCEI 180 

15 NOV12: 181 IJVVLKLACADTHINENMVLA 240 
********************************************************* ** 

NOV2 : 181 LAVLKL^CADTHINENIWI^^ 240 
NOV12 : 241 FSHLCVIGLFYGTAI IMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICSLRNSEVKNTL 300 

20 ********* ************************************************** 

NOV2 : 241 FSHLCVIGLVYGTAI IMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICSLRNSEVKNTL 3 00 

NOV12 : 301 KRVLGVERAL 310 (SEQ ID NO.: 24) 
********** 

25 NOV2: 301 KRVLGVERAL 310 (SEQ ID NO.: 4) 

Where * indicates identity. 
TABLE 52. 

NOV12 : 53 RLHAPMYFFLSHLAVVDIAYACNTVPRMLVNL 112 
30 GPCR: 14 AIjQTTTNYLIVSLAVADIjLVATL^ 73 

NOV12 : 113 LLVVMSYDLWAICHPLRYIJ^IMTW-RVCITI^VTSWTTGVLLSLIHLVLLLPLPFCRPQ 171 
GPCR: 74 NLCAISIDRYTAVAMPMLYNTRYSSKRRVTVMIAIVWVL^ - 131 

35 NOV12: 172 KIYHFFCEIIAVLKLACADTHINENMVliAGAISGLVGPLSTIWSYMCILCAILQIQSRE 231 
GPCR: 132 -CIIANPAF WYSS IVSFYVPFI VTLLVYIKI YIVLRRRRKRV 173 

NOV12: 232 VQRK 235 (SEQ ID NO.: 90) 
GPCR: 174 NTKR 177 (SEQ ID NO. : 91) 

40 

The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium that are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 
NOV 12 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
45 be used to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOV 12 satisfies a need in the art by providing new diagnostic or therapeutic 
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NOV13 o 
A NOV, 3 sequence according to .he invention is a nucleic acid sequence encode 
po.vpep.ide re.a.ed .o .he human odorant receptor (OR) fami.y of .he G-pro.ein coup.ed receptor 
polypeptwe polypeptide includes 

(GPCR) superfamily of protons. ANOV13 nucleic acid ana 
L sequences shown in Tahle 53. The disclosed nucleic acid (SEQ .D N025) » 90S 
nucleotides in length and contains an open reading frame (ORF) tha. begins - ATO 
nation codon a, nuc.eotides 75-77 and ends with a T AA stop codon a, nuclides 90.-903. 

15 undated regions up- and downstream of the coding sequence are underhned ,n SEQ 

25. 



20 c^^XcX^XcS^ 




^G^OTOGAAATCT^ 
35 MYFFLSHLCWADiCFTLATVP— 
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LAVVCLFYGTGIGVYLTSAVSPPPRNGVVASVMYAWTPMLNPFIYSLRNRDIQSVLRR 
LCSRTVESHDMFHPFSC VGEKGQPH (SEQ ID NO. : 26) 



5 The OR family of the GPCR superfamily is a group of related proteins specifically 

located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 
NOV 13 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

10 The NOV 13 polypeptide has homology (approximately 73% identity, 83% similarity) to 

a human olfactory receptor (OLFR) (EMBL Accession No.:Q9UPJl), as is shown in Table 54. 
Overall amino acid sequence identity within the mammalian OR family ranges from 45% to 
>80%. OR genes that are 80% or more identical to each other at the amino acid level are 
considered by convention to belong to the same subfamily. See Dryer and Berghard, Trends in 

15 Pharmacological Sciences , 1999, 20:413. OR proteins have seven transmembrane a-helices 
separated by three extracellular and three cytoplasmic loops, with an extracellular amino- 
terminus and a cytoplasmic carboxy-terminus. Multiple sequence aligment suggests that the 
ligand-binding domain of the ORs is between the second and sixth transmembrane domains. 
NOV 13 is predicted to have a seven transmembrane region, and is similar in that region to a 

20 representative GPCR, e.g. dopamine (GPCR) (GenBank Accession No.: P20288) as is shown in 
Table 55. 



TABLE 54 
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30 
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NOV12 : 
OLFR : 
NOV12 : 
OLFR: 
NO VI 2 : 
OLFR: 
NOV12 : 
OLFR: 
NOV12 : 



1 MYFFLSNLCWADIGFTLATVPKWIVDMGSHSRVISYEGCLTQMSFFVLFACIEDMLLTVM 6 0 
******** ****** ********* 4.* ******************** *_|_.^* *** -f.* * 

1 MYFFLSNLSLADIGFTSTTVPKMIVDMQTHSRVISYEGCLTQMSFF^FACMDDMLLSVM 6 0 
61 AYDQFVAICHPLHYPVIMNPHLCVFLVLVSFFLSLLDSQLHSWIVLQFTFFKNVEISNFF 12 0 

*** 4. ********* * 4.**** ** * * + ★ 4. * * * 4.* * * * * * * * 4. *+** * **4_*+***** 

61 AYDRFVAICHPLHYRI IMNPRLCGFLILLSFFISLLDSQLHNLIMLQLTCFKDVDI SNFF 120 
121 CDPSQLLNLACSDGI INS IFI YLDS ILFSFLPISGILLS YYKIVPS ILRISSSDGKYKAF 180 



*******+* *** 



******* ****** ***+ +******** 



121 CDPSQLLHLRCSDTFINEMVIYFMGAIFGCLPISGILFSYYKIVSPILRVPTSDGKYKAF 18 0 
181 SICGSHLAWCLFYGTGIGVYLTSAVSPPPRNGWASVMYAWTPMLNPFIYSLRNRDIQ 24 0 



*************** 4, * + 4, * * * * ** 



>_ + + + + ** *************** 4. ** * 



181 STCGSHLAVVCLFYGTGLVGYLS S AVLPS PRKSMVAS VMYTVVTPMLNPFI YSLRJ^KD I Q 24 0 
241 SVLRRLCSRTVESHDMFHPFSCVG 263 (SEQ ID NO.: 24) 
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°i • indicates identity and + indicates stm.lar.ty. 



S ^SSSSSSS=SSSS!SS=!S " 

,^^tt t cwtttvpSILRISSS 173 
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GPCR- 79 siDRYTAVAMfi^x"^*" 

(SEQ ID NO. : 93) YSSIVS FYVPFIVTLLVYIKIYIVLRRRRKR 172 

GPCR: 134 IANPAFW 

15 (SEQ ID NO. : 94) 

The ORfamily of the GPCR superfamily is a group of related proteins specific* 

involved m the initial sxept> ^ u nrP c e nt invention can 

NO V13 nucleic acid, polypeptide, antibodies and other composes of the p.esen 

be used to detectnasalepiflteliaineuronai tissue. ilyofthe0 PCR 
Basedoni.srelatednesstotheknownmembersofteORfam.lyot 

, NOVH satisfies a need in the art by proving new diagnoshc or therapeuttc 
superfam..,, NOV.3 a«sfi ~ ^ ta ^ expressl0n of 

C °T ~ .nCeicacids.po.ypep.des^b.dies.andother 

; of I esent lention are usefi.1 in the treatment ani/or diagnosis of a vanety of 
compositions of the preseminv involving 
diseases and pathoses, including by way of nonlim.tmg example, those 
neurogenesis, cancer and wound healing. 

Table 56 shows a multiple sequence alignment of NOVM3 peptides with the known 
30 Table 56 shows am v p, 0 954t indicating the homology 

human olfactory receptor iMl (GenBank Access,on No.. P30954), » 
between the present invention and known members of a protem fam.ly . 
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TABLE56. 

. - - -MRGFNKT- -TWTQFILVGFSSLGELQ- • 
N ° V4 MRGFNKT-TWTQFILVGFSSLGELQ-- 

™~ = -— .S a =: 

NOV10 .. MGDN ITSIT-EFLLL.GFPVGPRIQ- 

NOV12 _ _ _ MGDNITS i T _ E FLLI J GFPVGPRIQ.- 

NOV11 _ _ jjjqj-ujjtSIR-EFLiIjIjGFPVGPRIQ"" 

NOV2 60 



lllfviflllyltilvanvtima 
■lllfviflllyltilvanvtima 
- itlfgvflalyiltlagniiivt 

- FVFFTVFS AVYFMTWGNLLIW 

-mllfglfslfyvftllgngtilg 

-MLLFGLFSLFYVFTLLGNGTILG 
-MLLFGLFSLFYVFTLLGNGTILG 
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NO V9 MGDVNQS VASDFI LVGLFSHSGSR - - QXjLFSLVAVMFVIGLiLGNTVTjLF 

NOV8 MGDVNQSVASDFILVGLFSHSGSR- -QLLFSLVAVMFVIGLLGNTVIiLF 

NOVl_ MEGKNQTNI SEFLLLGFS S WQQQQ - - VLLFALFLCLYLTGLFGNLL I LL 

NOV6 MYMVTVLRNLLS IL 

5 NOV 5 

NOV13 

NOV7 TEPRNLTGVSEFLIaLGIjSEDPELQPVLALLSLSLSMYLVTVLRNLLSIP 

NOV4 VIRFSWTLHTPIWGFLFILSFSESCYTFVIIPQLLiVHLLSDTKTISLMACATQLFFFLGF 

NOV3 VIRFSWTLHTPMYGFLFILSFSESCYTFVIIPQLL,VHLL,SDTKTISFMACATQLFFFLGF 

1 0 OR_l 0 Jl I IRIDLHLHTPIWFFLSMLSTSETVYTLVILPRMIjSSLVGMSQPMSLAGCATQMFFFVTF 

NOV10 IVTSDPHLHTTMYFLLGNLSFLDFCYSSITAPRMLVDLLSGNPTISFGGCLTQLFFFHFI 

NOV12 LISLDSRLHAPMYFFLSHLAVVDIAYACNTVPRMLVNLIjHPAKPISFAGRMMQTFLFSTF 

NOV11 IJISLDSRLHAP^TYFFLSHIAVVDIAYACNTVPRMLVNLIiHPAKPISFAGRMMQTFLFSTF 

NOV2 LISLDSRLHAPMYFFLSHLAWDIAYACNWPRMIj^^ 

1 5 NOV9 LIRVDSRLHTP^FLLSQLSLFDIGCPMVTIPI<^1ASDFI J RGEGATSYGGGAAQIFFLTLM 

NOV8 LIRVDSRLHTPOTFLLSQLSLFDIGCPMVTIPKMASDFLRGEGATSYGGGAAQIFFLTLM 

NOV1 AIGSDHCLHTPMYFFKANLSLVT>LCLPSAWPKM^^ 

NOV6 AVSSDSPLHTPMCFFLSKLCSADIGFTLAIWPKMIV^ 

NOV5 PMCFFLSKLCSADIGFTIJ^NVPimiVNMQSHSRVISYEGCLTRMSFFVLF 

20 NOV13 OTFFLSNLCWADIGFTLATVPKT.1IVDMGSHSRVISYEGCLTQMSFFVLF 

NOV7 AVSSDSHLHTPTYFFLSILCWADIGFTSATVPKMIVDMQKYSRVISHAGCLTQMSFIiVLF 

: * * . : . * : : : * . :: : 

NOV4 ACTNCLiLIAVMGYDRYVAICHPLRYTIjI INKRLGIjELISLiSGATGFFIAIjVATNLICDMR 

25 NOV3 ACTNCbLIAVMGYDRWAICHPLRYTLIINKRLGLELISLSGATGFFIALVATNLICDMR 

OR_10tfl GITNCFLLTAMGYDRWAICNPLRYIWIMNKRLRIQLVLGACSIGLIVAITQVTSVFRLP 

NOV10 GGIKIFLLTVMAYDRYIAISQPLHYTLIMNQTVCALLMAASWVGGFIHSIVQIALTIQLP 

NOV12 AVTECLLLVVMSYDLWAICHPLRYI^IMTWRVCITIJVVTSWTTGVLLSLIHLVLLLPL.P 

NOV11 AVTECLLLVVMSYDLWAICHPL.RYLAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLP 

30 NOV2 AVTECLLLWMSYDIiWAICHPLRYI^IMTWRVCITLAVTSWTTGVIjLSIjIHLVLLLiPLP 

NOV9 GVAEGVL.LVLMSYDRYVAVCQPLQYPVLMRRQVCLLMMGSSWVVGVLNASIQTSITLHFP 

NOV8 GVAEGVLLVLMS YDRYVAVCQPLQYPVLMRRQVCLLMMGS SWWGVLNAS I QTS I TLHFP 

NO VI ANMDNFLLTVMA YDR YVA I CHPLHYS T IMALRLCAS LVAAP WV I A I I^NPLLHTLMMAHLH 

NOV6 ACMEDMLLTVMAYDCFVAICRPLHYPVIVNPHLCVFFVLVSFFLSPLDSQLHSWIVLLiFT 

35 NOV5 ACMEDMLLTVI^YDCFVAICRPLHYPVIVNPHLCVFFVLVSFFLSPLDSQLHSWIVLLFT 

NOV1 3 AC I EDMLLTVMAYDQFVA I CHPLH YP VIMNPHLCVFLVLVS FFLS LLDSQLHS WIVLQ FT 

NOV7 ACIEGMLLTVMAYDCFVGIYRPLiHYPVIVNPHLCVFFVLVSFFLSLLDSQLHSWIVLQFT 
.*:.*.**::.:.**:* :: : : . .:. : 

40 NOV4 FCGPNRViraYFCDI^PVIKI^CTDT^ 

NOV3 FCGPNRVNHYFCDMAPVIKLACTDTHVKELAIiFSLSILVIIWPFLLILISYGFIVNTILK 
OR_10J1 FCAR-KVPHFFCDIRPVMKLSCIDTTVNEILTLIISVLVLWPMGLVFISYVIillSTILK 

NOV10 FCGPDKLDNFYCDVPQLIKIjACTDTFVIjELIjKVSNNGIjVTXjMCFIjVIjL 

NOV12 FCRPQKIYHFFCEIIJVVLKIJVCADTHINENMVLAGAISGLVGPLSTIVVSYMCILCAIIjQ 

45 NOV11 FCRPQKIYHFFCEIIAVLKLACADTHINENM^^ 

NOV2 FCRPQKIYHFFCEILAVIjKLACADTHINENMVIjAGAISGLVGPLSTIVVSYMCILCAIIjQ 

NOV9 YCASRIVDHFFCEVPALLKLSCADTCAYEMALSTSGVLILMLPLSLIATSYGHVLQAVLS 

NOV8 YCASRIVDRFFCEVPALLKLSCADTCAYEMALSTSGVLILMLPLSLIATSYGHVLQAVLS 

NOV1 FCSDNVIHHFFCDINSLLPLSCSDTSLNQLSVLATVGLIFWPSVCILVSYILIVSAW1K 

50 NOV6 I IKNVEITNFVCEPSQIjIjNLACSDSVINNIFI YFDSTMFGFLPISGILLSYYKIVPSILR 

NOV5 IIKNVEITNFVCEPSQLLNLACSDSVINNIFIYFDSTMFGFLPISGILLSYYKIVPSILR 

NOV13 FFKNVEISNFFCDPSQLLNLACSDGIINSIFIYLDSILFSFLPISGILLSYYKIVPSILR 

NOV 7 IIKNVEISNFVCDPSQLLKLASYDSVINSIFIYFDSTMFGFLPISGILSSYYKIVPSILR 

::*:.* . . :: 

55 

NOV4 IPSAEG-KKAFVTCASHLTVVFVHYDCASIIYLRPKSKSASDKDQLVAVTYAVVTPLLNP 

NOV3 IPSAEG-KKAFVTCASHLTWFVHYGCASIIYLRPKSKSASDKDQLVAVTYTWTPLLNP 

OR 10J1 IASVEGRKKAFATCASHLTWIVHYSCASIAYLKPKSENTREHDQLISVTYTVITPLIiNP 
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NOV1 0 SHSWIGM^ 

IQSREVQRKAFCTCFSHLC^ 

I Q S RE VQRKAFRT C F S pT^^. p^^^p c AYH S PQQDNW S L FY S L VT P TLN P 

MRSEEARHKAVTTCSSHITVVGL^ 
VPSAQGKLKAFSTCGSBLALVILFYGA^ 
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(SEQ ID NO. 

LVYS LRNKE VKTALKR ".I". (SEQ ID NO. 

LVYSIjKNKEVKTAIjKR VLGMPVATKMS ~ (sEQ ^ 

WYTLRNKEVKDALCR A ^"™„ (SEQ ID NO. 

AIYTLRNKEVIMAMKKLWRRKKDPIGPLEHRPLH--- ( SEQ ID NO 

LICSLRNSEVKNTLKR vtIg" _ VERAL- (SEQ ID NO . : 22) 

LICSLRNSEVKNTLKR ^"^7 < SEQ ID 4) Q , 

t TCSLRNSEVKNTLKR VLG- -VERAL- ( SEQ ID NO . : 18) 

SSSpEWMALVK VLSRAGLRQMCMTT— — ( , SEQIDN0 .: 16) 

LIYSLRNPEWMALVK ^V^pSlGGRGGW IMRSGDRDHPG (SEQ ID NO . : 2) 

FIYSLRNNEI.KGTLKKTLSRPGAVAHAOTPST^GRGGWIM < SEQ i D NO.: 12 

F I LS LGKRD I QSVLRRLCSRTVESHDMFHPF SCVGEKGQPH (SEQ i D NO.: 10) 

FIyLgKRDIQSVLRRLCSRTVESHDMFHPFSCVG-- (SEQIDNO.: 26) 



FIYSLRNRDIQSVIjRRI'CSRTVESHDMFHPFSCVGEKGQPH- (SEQ ID NO.: 

fiyslrnrdiq SALRRIjRSR 
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, -j = »." inrlirates conservation of strong 
T „e nuc.eic acids and proteins of *e inven.ion are useM in potenriaHnerape* 

app „i mPI i-,n— ^--^^^z^: 

♦ • ,„h thp olfactory receptor protein of the invention, or 

„ Ain«; asthma Crohn's disease, multiple sclerosis, 
rancer uterus cancer, immune response, AIDS, asthma, ^r 

IlelofAn,^^^ 

the disease, and deveiopmen, of new dr» E <ar g e,s for various borders. Thev ma y aiso 
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in diagnostic applications, wherein the presence or amount of the nucleic acid or the protein are 

to be assessed. These materials are further useful in the generation of antibodies that bind 
immunospecifically to the novel substances of the invention for use in therapeutic or diagnostic 
methods. 

5 

NOVX Nucleic Acids 

The nucleic acids of the invention include those that encode a NOVX polypeptide or 
protein. As used herein, the terms polypeptide and protein are interchangeable. 

In some embodiments, a NOVX nucleic acid encodes a mature NOVX polypeptide. As 

10 used herein, a "mature" form of a polypeptide or protein described herein relates to the product 
of a naturally occurring polypeptide or precursor form or proprotein. The naturally occurring 
polypeptide, precursor or proprotein includes, by way of nonlimiting example, the full-length 
gene product, encoded by the corresponding gene. Alternatively, it may be defined as the 
polypeptide, precursor or proprotein encoded by an open reading frame described herein. The 

15 product "mature" form arises, again by way of nonlimiting example, as a result of one or more 

naturally occurring processing steps that may take place within the cell in which the gene product 
arises. Examples of such processing steps leading to a "mature" form of a polypeptide or protein 
include the cleavage of the N-terminal methionine residue encoded by the initiation codon of an 
open reading frame, or the proteolytic cleavage of a signal peptide or leader sequence. Thus a 

20 mature form arising from a precursor polypeptide or protein that has residues 1 to N, where 
residue 1 is the N-terminal methionine, would have residues 2 through N remaining after 
removal of the N-terminal methionine. Alternatively, a mature form arising from a precursor 
polypeptide or protein having residues 1 to N, in which an N-terminal signal sequence from 
residue 1 to residue M is cleaved, would have the residues from residue M+l to residue N 

25 remaining. Further as used herein, a "mature" form of a polypeptide or protein may arise from a 
step of post-translational modification other than a proteolytic cleavage event. Such additional 
processes include, by way of non-limiting example, glycosylation, myristoylation or 
phosphorylation. In general, a mature polypeptide or protein may result from the operation of 
only one of these processes, or a combination of any of them. 

30 Among the NOVX nucleic acids is the nucleic acid whose sequence is provided in SEQ 

ID NO: 1,3,5,7, 9, 11, 13, 15, 17, 19, 21, 23 or 25, or a fragment thereof. Additionally, the 
invention includes mutant or variant nucleic acids of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 
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• ccnmNO- 1 3 5 7, 9, 11, 13, 15, 1 /, ly^ 1 ^- 3 U1 ^ ' 
rorresDondine bases shown in SEQ ID JNU. i, i, j, , , , ■ , • a i 

«he co^en, of the nuc.eic acid seance of SEQ ID NO: 1,3, 5, 7, 9, 1 U 13. 15, 17, >»• »■ 
^ ,5 inc.,** fragments, delves, artalogs and hontologs thereof. The ,nven,,on 

^--^-^-"^^^ 

structures include chemical modifications. 

One aspec, of the — pertains to iso.ated nucleic acid molecules that encode 

• Ako included are nucleic acid fragments 

NOVX proteins or biologically active portions thereof. Also included 

iNwvyvy -mow encoding nucleic acids (e.g., NOV A 

ffi^ipnt for use as hybridization probes to identify NOVX-encoamg nu 

Lded to include DNA molecuies (e.g.,cDNA or genomic DNA), A molecules (.,, 

double-stranded, hut preferably is double-stranded DNA. 

•W refer to nudeic acid seances of variable length, preferaUy between at 1^ 
about .0 nuc.eo.ides (nt), 100 nt, or as mar,, as about, 6,000 nt, depending on us. Pk* 
^ used in the detection of identica,, si.ni.ar, or complementary nucleic acd seouences. L nger 

designed to have specificity in PCR, membrane-based hybridization technolog.es, or EUSA 

III "Lies hide, bu, are no, Hmited to, recomb,nan, DNA mo.ecules contamed ,n a 

v.- + tyma molecules maintained in a heterologous host cell, partially or 

an ,so,a,ed" nucleic acid ,s free of seouences »hich nahtrally fiat* the ™" . 
seq „ences located a, the , and ends of the nucleic acd, in the genom.c DNA ^ an.sm 
fl which the nucieic acid is derived. For examp.e, ,n various embedments, the 
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NOVX nucleic acid molecule can contain less than about 50 kb, 25 kb, 5 kb, 4 kb, 3 kb, 2 kb ? 1 
kb, 0.5 kb or 0.1 kb of nucleotide sequences which naturally flank the nucleic acid molecule in 
genomic DNA of the cell from which the nucleic acid is derived. Moreover, an "isolated" 
nucleic acid molecule, such as a cDNA molecule, can be substantially free of other cellular 
5 material or culture medium when produced by recombinant techniques, or of chemical precursors 
or other chemicals when chemically synthesized. 

A nucleic acid molecule of the present invention, e.g., a nucleic acid molecule having the 
nucleotide sequence of SEQIDNO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 or 25, or a 
complement of any of this nucleotide sequence, can be isolated using standard molecular biology 

10 techniques and the sequence information provided herein. Using all or a portion of the nucleic 
acid sequence of SEQIDNO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25, as a hybridization 
probe, NOVX nucleic acid sequences can be isolated using standard hybridization and cloning 
techniques (e.g., as described in Sambrook et al., eds., Molecular Cloning: A Laboratory 
Manual 2 nd Ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989; and 

1 5 Ausubel, et aL, eds., Current Protocols in Molecular Biology, John Wiley & Sons, New 
York, NY, 1993.) 

A nucleic acid of the invention can be amplified using cDNA, mRNA or alternatively, 
genomic DNA, as a template and appropriate oligonucleotide primers according to standard PCR 
amplification techniques. The nucleic acid so amplified can be cloned into an appropriate vector 

20 and characterized by DNA sequence analysis. Furthermore, oligonucleotides corresponding to 
NOVX nucleotide sequences can be prepared by standard synthetic techniques, e.g., using an 
automated DNA synthesizer. 

As used herein, the term "oligonucleotide" refers to a series of linked nucleotide residues, 
which oligonucleotide has a sufficient number of nucleotide bases to be used in a PCR reaction. 

25 A short oligonucleotide sequence may be based on, or designed from, a genomic or cDNA 
sequence and is used to amplify, confirm, or reveal the presence of an identical, similar or 
complementary DNA or RNA in a particular cell or tissue. Oligonucleotides comprise portions 
of a nucleic acid sequence having about 10 nt, 50 nt, or 100 nt in length, preferably about 15 nt to 
30 nt in length. In one embodiment, an oligonucleotide comprising a nucleic acid molecule less 

30 than 100 nt in length would further comprise at lease 6 contiguous nucleotides of SEQ ID NO: 
1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25, or a complement thereof Oligonucleotides may be 
chemically synthesized and may be used as probes. 
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nucleic acid molecule that is a complement of the nucleot.de sequence shown in SEQ ID NO. , 
" 13 , 5 ,7.19.21.23 or 25, or a portion of this nucleotide sequence. Anucleic 

I U 3 5 17 19 2,,23or2 5 isone,ha t issuf f ,cien. ly co m ple m cntary t o ai en„c 1 eo„de 
7,9. 11, 13, 15.17,1V, , ,„ 21> 23 or 25 that it can hydrogen 

sequence shown in SEQ ID NO: 1, 3, 5,7, 9, ll, 13, 15, 17, 19, - 

b „ndwi,h 1 i«leornomisma«ches,on,enuc,eo,idese,uencesho W n.n SEQ ID NO. 1, 3, 5, 
ll 13 15 17 19, 21, 23 or 25, thereby forming a stable duplex. 

As used herein, the term "complementary" refers to Watson-Crick or Hoogsteen base 
pa iri„gbetween nudeotide uni G of a nuc.eie acid nrolecule, and fhe term "binding meansthe 
ZsL or chemical interaction between two polypeptides or compounds or associated 

ids respective!, and are a, most some portion less ton a full length sequence. 
of dice Derivatives are nucleic acid sequences or amino acid sequences formed from the 
I sequences or amino acid sequences mat have a structure similar to, bu, no. ident, 1 t^ie 

mPtahnlic activity compared to wild type. 

Derivatives and analogs may be full length or other man fu„ length, if the derivative or 
ana ,„g contains a modified nucleic acid or amino acid, as desert beiow. Derivatives or 
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analogs of the nucleic acids or proteins of the invention include, but are not limited to, molecules 
comprising regions that are substantially homologous to the nucleic acids or proteins of the 
invention, in various embodiments, by at least about 70%, 80%, 85%, 90%, 95%, 98%, or even 
99% identity (with a preferred identity of 80-99%) over a nucleic acid or amino acid sequence of 
5 identical size or when compared to an aligned sequence in which the alignment is done by a 
computer homology program known in the art, or whose encoding nucleic acid is capable of 
hybridizing to the complement of a sequence encoding the aforementioned proteins under 
stringent, moderately stringent, or low stringent conditions. See e.g. Ausubel, et aL> CURRENT 
Protocols in Molecular Biology, John Wiley & Sons, New York, NY, 1993, and below. An 

10 exemplary program is the Gap program (Wisconsin Sequence Analysis Package, Version 8 for 
UNIX, Genetics Computer Group, University Research Park, Madison, WI) using the default 
settings, which uses the algorithm of Smith and Waterman (Adv. Appl. Math., 1981, 2: 482-489, 
which is incorporated herein by reference in its entirety). 

A "homologous nucleic acid sequence" or "homologous amino acid sequence," or 

1 5 variations thereof, refer to sequences characterized by a homology at the nucleotide level or 

amino acid level as discussed above. Homologous nucleotide sequences encode those sequences 
coding for isoforms of a NOVX polypeptide. Isoforms can be expressed in different tissues of 
the same organism as a result of, for example, alternative splicing of RNA. Alternatively, 
isoforms can be encoded by different genes. In the present invention, homologous nucleotide 

20 sequences include nucleotide sequences encoding for a NOVX polypeptide of species other than 
humans, including, but not limited to, mammals, and thus can include, e.g., mouse, rat, rabbit, 
dog, cat cow, horse, and other organisms. Homologous nucleotide sequences also include, but 
are not limited to, naturally occurring allelic variations and mutations of the nucleotide sequences 
set forth herein. A homologous nucleotide sequence does not, however, include the nucleotide 

25 sequence encoding human NOVX protein. Homologous nucleic acid sequences include those 

nucleic acid sequences that encode conservative amino acid substitutions (see below) in SEQ ID 
NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26, as well as a polypeptide having NOVX 
activity. Biological activities of the NOVX proteins are described below. A homologous amino 
acid sequence does not encode the amino acid sequence of a human NOVX polypeptide. 

30 The nucleotide sequence determined from the cloning of the human NOVX gene allows 

for the generation of probes and primers designed for use in identifying and/or cloning NOVX 
homologues in other cell types, e.g., from other tissues, as well as NOVX homologues from 
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0*1— The probe/primer typically comprises a »*— ^ P-«" ohgonucleoude. ■ 

Theol.goi.uo «■ 15 o,200,250,300,350or400ormore 

stringent conditions to attest about 12, 25, 50, 100, imi, ,„„„,,.,,, ,o 

conserve sense s- nucleotide se q uence of SE Q ID NO: 1, 3, 5, 7. , .. a ■ . > - ■ 
23 or 25; or an anti-sense strand nucleotide seance of SEQ ,D NO: 1 3 5 7 9 1. ». '. »• 
19.21,23 or 25; or of a naturaUy occurring mutantof SEQ ID NO: 1,3,5,7,9, 11, 13, 15, 17, 

LleLed on the human NOVX nucleotide seouence can he used to detect transcripts 
or genomic seauences encoding the same or homologous protein, In various emhod,rnen,s, he 

by mealing a level of a NOVX-encoding nucleic acid in a sample of cells from a suhiee, 

" ^'polypeptide having a biologically active portion of NOVX" refers to polypeptides 
editing activity similar, but no, necessariiy identical to, an activity of a polypeptide of the 

NOVX" can be prepared by isolating a portion of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 
2! 23 or 25 that encodes a polypeptide having a NOVX biological ac*vity (bio,o,ca, acUvfes 
o 'the NOVX proteins are described below), expressing the encoded portion of NOVX protem 
( . g by recombinant expression * *M ard assessing the activi* of the encoded port.o» of 
NOVX. For example, a nuc.eic acid fragment encoding a biologically active porhon of NOVX 

encoding a biologically active portion of NOVX includes one or more reg.ons. 
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u • WOTDNO-1 3 5 7,9,11, 13,15,17,19,21, 23 or 25 due to the 

cpmipnces shown m obv^ A > J > > ' ' it . 

encoded by the nucleotide seouence shown in SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 
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23 or 25 e.g., the polypeptide of SEQ ID NO: 2,4, 6, 8, 10, 12, 14, 16, 18, 20,22, 24 or 26. In 
another embodiment, an isolated nucleic acid molecule of the invention has a nucleotide 
sequence encoding a protein having an amino acid sequence shown in SEQ ID NO: 2, 4, 6, 8, 10, 
12, 14, 16, 18, 20, 22, 24 or 26. 
5 In addition to the human NOVX nucleotide sequence shown in SEQ ID NO: 1,3,5, 7, 9, 

11, 13, 15, 17, 19, 21, 23 or 25, it will be appreciated by those skilled in the art that DNA 
sequence polymorphisms that lead to changes in the amino acid sequences of NOVX may exist 
within a population (e.g., the human population). Such genetic polymorphism in the NOVX 
gene may exist among individuals within a population due to natural allelic variation. As used 

10 herein, the terms "gene" and "recombinant gene" refer to nucleic acid molecules comprising an 
open reading frame encoding a NOVX protein, preferably a mammalian NOVX protein. Such 
natural allelic variations can typically result in 1-5% variance in the nucleotide sequence of the 
NOVX gene. Any and all such nucleotide variations and resulting amino acid polymorphisms in 
NOVX that are the result of natural allelic variation and that do not alter the functional activity of 

15 NOVX are intended to be within the scope of the invention. 

Moreover, nucleic acid molecules encoding NOVX proteins from other species, and thus 
that have a nucleotide sequence that differs from the human sequence of SEQ ID NO: 1, 3, 5, 7, 
9, 11, 13, 15, 17, 19, 21, 23 or 25 are intended to be within the scope of the invention. Nucleic 
acid molecules corresponding to natural allelic variants and homologues of the NOVX cDNAs of 

20 the invention can be isolated based on their homology to the human NOVX nucleic acids 
disclosed herein using the human cDNAs, or a portion thereof, as a hybridization probe 
according to standard hybridization techniques under stringent hybridization conditions. For 
example, a soluble human NOVX cDNA can be isolated based on its homology to human 
membrane-bound NOVX. Likewise, a membrane-bound human NOVX cDNA can be isolated 

25 based on its homology to soluble human NOVX. 

Accordingly, in another embodiment, an isolated nucleic acid molecule of the invention 
is at least 6 nucleotides in length and hybridizes under stringent conditions to the nucleic acid 
molecule comprising the nucleotide sequence of SEQ ID NO: 1,3,5,7,9, 11, 13, 15, 17, 1 9, 2 1 , 
23 or 25. In another embodiment, the nucleic acid is at least 10, 25, 50, 100, 250, 500 or 750 

30 nucleotides in length. In another embodiment, an isolated nucleic acid molecule of the invention 
hybridizes to the coding region. As used herein, the term "hybridizes under stringent conditions" 
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sequences at ieas, 60% homologous t o each other typical* remam hybridized ,o each o*er 

Homoiogs (/. ,. nucleic acids encoding NOV* proteins derived from speces other than 
human) or other related sequences (,*, para,ogs> can be obtained by low, moderate or hrgh 
stringency hybridization with all or a portion of the particular human sequence as a probe usmg 
me ,hods well taown in the art for nucleic acid hybridization and clomng. 

As used herein, .he phrase "stringent hybridization conditions" refers to cond.hons under 
which a probe, primer or oligonucleotide will hybridize to its target sequence, but to no other 
sequences. Stringent conditions are sequence-dependent and wil, be different „ dtfferen, 
circumstances. Longer sequences hybridize specify at higher temperatures than shorter 
sequences. OeneraUy, stringent condrtions are selected to be about 5-C lower than the therma! 
melting point (T.) for the specific sequence a, a defined ionic strength and pH. The Tm .3 »e 
temperature (under defined ionic strength, pH and nucleic acid concentrate) a, wh.ch 
fte probes complementary to the target sequence hybridize ,„ the target sequence a, equn.bnum. 
Since the target sequences are generally present at excess, a. Tm, 50% of the probes are occupted 
a, equilibrtum. TypicaUy, stringent conditions vril, be those in which the salt concentra » - 
less than about 1 .0 M sodium ion, typically about 0.0, to 1.0 M sodium ton (or outer sal, ) 
7 0 to 8 3 and the temperature is a, least about 30°C for short probes, primers or ohgonucleottdes 
( " . ,0 n, to 50 „,) and a. .east about 60°C for longer probes, primers and oligonucleotides. 
Strmgen, conditions may aiso be achieved with the addition of destabilizing agents, such as 

f0mam ^ngen, conditions are knowr, to Aose skil.ed in me art and can he found in CURRENT 
Protocols rw MoLECtxARB.OLOOY, John Wi,ey * Sons, N.Y. 0989), 6.3.1-6.3.6. Preferably, 

99%homo.ogous,oeachod,er W icallyremai„hybridized,oeacho*er. Anon-hnutmg 
example of stingen, hybridization conditions is hybridization in a high sal. buffer eomprism 6X 
SSC 50 mM Tris-HC, (pH 7.5), , mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.02% BSA, and 500 
mg/ml denatured salmon sperm DNA a, 65°C. This hybridization is followed by one or more 
wis in 0.2X SSC, 0.01% BSA a, 50-C. An isolated nucleic acid molecule of the ,„ven„o„ 
, tha, hybridizes under stringent conditions to the sequence of SEQ ID NO- . , 3, 5, 7, 9, 1, 3, 
,5, 17, 19.21,23 o, 25 corresponds to a naturally occurring nucleic acid molecule. As used 
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herein, a "naturally-occurring" nucleic acid molecule refers to an RNA or DNA molecule having 
a nucleotide sequence that occurs in nature (e.g., encodes a natural protein). 

In a second embodiment, a nucleic acid sequence that is hybridizable to the nucleic acid 
molecule comprising the nucleotide sequence of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 
5 23 or 25, or fragments, analogs or derivatives thereof, under conditions of moderate stringency is 
provided. A non-limiting example of moderate stringency hybridization conditions are 
hybridization in 6X SSC, 5X Denhardt's solution, 0.5% SDS and 100 mg/ml denatured salmon 
sperm DNA at 55°C, followed by one or more washes in IX SSC, 0. 1 % SDS at 37°C. Other 
conditions of moderate stringency that may be used are well known in the art. See, e.g., Ausubel 
10 et al feds.), 1993, Current Protocols in Molecular Biology, John Wiley & Sons, NY, and 
Kriegler, 1990, Gene Transfer and Expression, A Laboratory Manual, Stockton Press, 
NY. 

In a third embodiment, a nucleic acid that is hybridizable to the nucleic acid molecule 
comprising the nucleotide sequence of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 or 25, 

15 or fragments, analogs or derivatives thereof, under conditions of low stringency, is provided. A 
non-limiting example of low stringency hybridization conditions are hybridization in 35% 
formamide, 5X SSC, 50 mM Tris-HCI (pH 7.5), 5 mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.2% 
BSA, 100 mg/ml denatured salmon sperm DNA, 10% (wt/vol) dextran sulfate at 40°C, followed 
by one or more washes in 2X SSC, 25 mM Tris-HCI (pH 7.4), 5 mM EDTA, and 0.1% SDS at 

20 50°C. Other conditions of low stringency that may be used are well known in the art (e.g. , as 
employed for cross-species hybridizations). See, e.g., Ausubel et al. feds.), 1993, Current 
Protocols in Molecular Biology, John Wiley & Sons, NY, and Kriegler, 1990, Gene 
Transfer and Expression, A Laboratory Manual, Stockton Press, NY; Shilo and 
Weinberg, 1981, Proc Natl Acad Sci USA 78: 6789-6792. 

25 

Conservative mutations 

In addition to naturally-occurring allelic variants of the NOVX sequence that may exist in 
the population, the skilled artisan will further appreciate that changes can be introduced by 
mutation into the nucleotide sequence of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 
30 25, thereby leading to changes in the amino acid sequence of the encoded NOVX protein, 
without altering the functional ability of the NOVX protein. For example, nucleotide 
substitutions leading to amino acid substitutions at "non-essential" amino acid residues can be 
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WO 01/051632 n 11 11 K 17 1Q ?1 23or25. A 

NO yX proteins of the present invention, . predict to be P articu,arly «b,e t o 
atoti0 lo to a3pe d o f , h e i — pe^ns t o nueieic ac M enco iteg NOVX 

NOVX proteins differ in amino acid sequence from SEQ ID NO. 4, 6 , , 
0 22 24 1 26 yet retain biologica, activity. ,n one embodiment, me isoiated nucietc ac.d 

2 4 6 or 8. Preferably, the protein encoded by the nucleic acid ,s at ,eas, about 80/. 

,„ SEO ID NO- 2 4 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26, more preferably a. 

o a ^ 8 10 12 14, 16, 18, 20, 22, 24 or 26. 

2, 4, 6, 8, 10, 12, 14, , homologous to the protein 

An isolated nucleic acid molecule encoding a NOVX protein 

PIO ' ein Mu^tions can be — ed into the nudeotide sequence of SEQ 1DNO: 1, 3, 5, 7 9, 
„ „ ,5 17 19,21,23or25b y standard techniques, sucb as site-directed mutagenesrs and 

,5 or more predicted non-essentia, amino acid residues. A "conservative ammo acd ***** - 

side chains aspartic acid, giutamic acid), uncharged po.ar stde chams ( g erne 

valine, leucine, isoleucne, pro,i„e, phen yl a,a„ine, methionine, tryptophan), beta-bra^ d 
chain (. Ihreonine, valine, isoieucine) and aromatic side chains (e.g. , tyrosme, phenylalanme 
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tryptophan, histidine). Thus, a predicted nonessential amino acid residue in NOVX is replaced 
with another amino acid residue from the same side chain family. Alternatively, in another 
embodiment, mutations can be introduced randomly along all or part of a NOVX coding 
sequence, such as by saturation mutagenesis, and the resultant mutants can be screened for 
5 NOVX biological activity to identify mutants that retain activity. Following mutagenesis of 
SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 or 25 the encoded protein can be expressed 
by any recombinant technology known in the art and the activity of the protein can be 
determined. 

In one embodiment, a mutant NOVX protein can be assayed for (1) the ability to form 
10 protein:protein interactions with other NOVX proteins, other cell-surface proteins, or 

biologically active portions thereof, (2) complex formation between a mutant NOVX protein and 
a NOVX receptor; (3) the ability of a mutant NOVX protein to bind to an intracellular target 
protein or biologically active portion thereof; (e.g., avidin proteins); (4) the ability to bind 
NOVX protein; or (5) the ability to specifically bind an anti-NOVX protein antibody. 

15 

Antisense NOVX Nucleic Acids 

Another aspect of the invention pertains to isolated antisense nucleic acid molecules that 
are hybridizable to or complementary to the nucleic acid molecule comprising the nucleotide 
sequence of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25, or fragments, analogs or 

20 derivatives thereof. An "antisense" nucleic acid comprises a nucleotide sequence that is 

complementary to a "sense" nucleic acid encoding a protein, e.g., complementary to the coding 
strand of a double-stranded cDNA molecule or complementary to an mRNA sequence. In 
specific aspects, antisense nucleic acid molecules are provided that comprise a sequence 
complementary to at least about 10, 25, 50, 100, 250 or 500 nucleotides or an entire NOVX 

25 coding strand, or to only a portion thereof Nucleic acid molecules encoding fragments, 

homologs, derivatives and analogs of a NOVX protein of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 
1 8, 20, 22, 24 or 26 or antisense nucleic acids complementary to a NOVX nucleic acid sequence 
of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 or 25 are additionally provided. 

In one embodiment, an antisense nucleic acid molecule is antisense to a "coding region" 

30 of the coding strand of a nucleotide sequence encoding NOVX. The term "coding region" refers 
to the region of the nucleotide sequence comprising codons which are translated into amino acid 
residues {e.g., the protein coding region of human NOVX corresponds to SEQ ID NO: 2, 4, 6, 8, 
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.oTaiTlTlS ,0 22,240,26). In another embodiment, the antisense nucleic acid molecule 
is antisense ,o a "noncoding region" of the coding strand of a nucleotide sequence encodmg 
NOVX. The term "noncoding region" refers to 5' and V fences which Hank the coding regron 

-a / ■ » nicn referred to as 5* and 3' untranslated regions), 
that are not translated into ammo acds (,.e. , also referred to 

Given the coding strand sequences encoding NOVX disclosed herein <**.. SEQ ID NO. 
, 3 5 7 9 11 13 15 17, 19,21,23 or 25), antisense nucleic acids ofthe invention can be 
designed according to the ru.es of Watson and Crick or Hoogsteen base pairing. The antisense 
nudeic acid molecule can be commentary to the entire coding region of NOVX mKNA, bu, 
more preferably is an oligonucleotide that is antisense ,0 only a portion ofthe coding or 
noncoding region of NOVX mRNA. For example, the antisense oligonucleotide can be 
complementary to the region surrounding the Nation start site of NOVX mRNA. An 
antisense oligonucleotide can be, for example, about 5, 10, .5, 20, 25, 30, 35, 40, 45 or 50 
nucleotides in length. An antisense nucleic acid ofthe invention can be consWcted usmg 
chemical synthesis or enzymatic ligation reactions using procedures known in the art. Fo, 
example, an antisense nucleic acid (, g . , an antisense oligonucleotide) can be chermcally 
synthesized using natirrally occurring nucleotides or variously modified nucleotides designed to 
increase the biological stability of the molecules or to increase the physical stabiHty ofthe dup.ex 
formed between the antisense and sense nucleic acids, ,g., phosphorothioate derivatives and 
acridine substituted nucleotides can be used. 

Examples of modified nucleotides mat can be used to generate the an.is.nse nuclerc actd 
include: 5-fluorouracil, 5-bromouracU, 5-chlorouracil, 5-iodouracil, hypoxanthine, xanunne, 
4-ace«ylcytosine, 5<carboxyhydroxylmethyl) uracil, 5-carboxymethylaminomethyl- 
2-thiouridine, 5-carboxymethylaminomethyluraci!, dihydrouracil, beta-D-galactosylqueosme, 
iD osine,N6-isopen,eny.adenine, LmethyJguanine, 1 -methylinosine, 2,2-dimeAylguanine, 
2-memyladenine, 2-methylguanine, 3-memylcytosine, 5-methylcytosine, N6-ade„me, 
7-memylguanine,5.memylaminomemyluracil,5-methoxyaminomethyl-2-.taourac,l, 

beta-D-mannosylqueosine, S'-methoxycarboxymethyluracil, 5-methoxyurac.l, 

2- me*yl«hio-N6-isop«n,enyladenine, uraci.-5-oxyace.ic acid (v), wybutoxosine, pseudouracl, 
queosine, 2-thiocytosinc, 5-me,hyl-2-«hiouracil, 2-thiouracil, 4-,hiouracil, 5-methyluractI, 
uracil-5-oxyacetic acid methylester, uracii-5-oxyacetic acid (v), 5-methyl-2-«hiourac,l, 

3- (Vamino-3- N -2-carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine. Alternatively, me 
antisense nudeic acid can be produced biological!, using an expression vector into whtch a 
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nucleic acid has been subcloned in an antisense orientation (i.e., RNA transcribed from the 
inserted nucleic acid will be of an antisense orientation to a target nucleic acid of interest, 
described further in the following subsection). 

The antisense nucleic acid molecules of the invention are typically administered to a 
5 subject or generated in situ such that they hybridize with or bind to cellular mRNA and/or 

genomic DNA encoding a NOVX protein to thereby inhibit expression of the protein, e.g., by 
inhibiting transcription and/or translation. The hybridization can be by conventional nucleotide 
complementarity to form a stable duplex, or, for example, in the case of an antisense nucleic acid 
molecule that binds to DNA duplexes, through specific interactions in the major groove of the 

10 double helix. An example of a route of administration of antisense nucleic acid molecules of the 
invention includes direct injection at a tissue site. Alternatively, antisense nucleic acid molecules 
can be modified to target selected cells and then administered systemically. For example, for 
systemic administration, antisense molecules can be modified such that they specifically bind to 
receptors or antigens expressed on a selected cell surface, e.g., by linking the antisense nucleic 

15 acid molecules to peptides or antibodies that bind to cell surface receptors or antigens. The 

antisense nucleic acid molecules can also be delivered to cells using the vectors described herein. 
To achieve sufficient intracellular concentrations of antisense molecules, vector constructs in 
which the antisense nucleic acid molecule is placed under the control of a strong pol II or pol III 
promoter are preferred. 

20 In yet another embodiment, the antisense nucleic acid molecule of the invention is an 

a-anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms specific 
double-stranded hybrids with complementary RNA in which, contrary to the usual P-units, the 
strands run parallel to each other (Gaultier et aL (1987) Nucleic Acids Res 15: 6625-6641). The 
antisense nucleic acid molecule can also comprise a 2*-o-methylribonucleotide (Inoue et aL 

25 (1987) Nucleic Acids Res 15: 6131-6148) or a chimeric RNA -DNA analogue (Inoue et aL 
(\9S7) FEES Lett 2\5: 327-330). 

Such modifications include, by way of nonlimiting example, modified bases, and nucleic 
acids whose sugar phosphate backbones are modified or derivatized. These modifications are 
carried out at least in part to enhance the chemical stability of the modified nucleic acid, such 

30 that they may be used, for example, as antisense binding nucleic acids in therapeutic applications 
in a subject. 
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NOVX Ribozymes and PNA moieties 

,n ^another en.bodta.ent, an -sense nudeic acid of the taven.cn , a nbozyme. 

■ J. ribozymes (, g ., hammerhead ribozymes (described in Haselhoffand Gerlach (.988) 

nuc.eic acid can be designed based upon the nuc.eo.ide seance of aNOVX DNA disclosed 
herein « . SEQ ID NO: 1, 3, 5, 7, 9, 11. 13, 15, 17, .9, 21,23 or 25). For example a 
hCT ( ' " „ „, ,o,vSRNA can be constructed in which the nucleotide sequence 
0 derivative of aTetrahymenaL-19 1VI> kwa canoe 

oftheactivesiteiseonrplemenu^totenueleotidesequencetobecleavedina 

^ u ,„j TTS Pat No 4 987,071; and Cech era/. U.S. 
NOVX-encoding mRNA. See, e.g., Cech et al U.S. Pat. No. 4,y , , 

specific ribonucleic activity fro. a poo! of RNA molecules. See, , g , Bartel al, (1993) 

15 Science 261:1411-1418. inhibite dby targeting nucleotide sequences 

Alternatively, NOVX gene expression can be inhibited by tar e g 

cells. See generally, He.ene. (1991) flr* O". «= 569-84, Helene. ( 

,0 NY Acad Set. 660:27-36; and Maher (1992) Bioassays 14: 807-15. 

sugar moiety or phosphate backbone to improve, e ,, the stability, ^dization, or so.ub.Wy of 

modified to generate peptide nucleic acids (see Hyrup „ * 0996) *^^^. S ^ 
, 5 As used herein, the terms "peptide nucleic acids" or "PNAs" refer to nuc,e.c acid „ 

hackbone and only the four nah*al nucleobases are retained. The neutral backbone of NA^has 
heen shown ,0 allow for specific hybridization to DNA and RNA under conditions of low ionic 

30 synthesis protocols as described in Hyrup « (1996) above; Perry-0'Keefe e, „. (.996) W ,S 
93: 14670-675. 
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PNAs of NOVX can be used in therapeutic and diagnostic applications. For example, 
PNAs can be used as antisense or antigene agents for sequence-specific modulation of gene 
expression by, e.g., inducing transcription or translation arrest or inhibiting replication. PNAs of 
NOVX can also be used, e.g., in the analysis of single base pair mutations in a gene by, e.g., 
5 PNA directed PCR clamping; as artificial restriction enzymes when used in combination with 
other enzymes, e.g., SI nucleases (Hyrup B. (1996) above); or as probes or primers for DNA 
sequence and hybridization (Hyrup et ah (1996), above; Perry-O'Keefe (1996), above). 

In another embodiment, PNAs of NOVX can be modified, e.g., to enhance their stability 
or cellular uptake, by attaching lipophilic or other helper groups to PNA, by the formation of 

1 0 PNA-DNA chimeras, or by the use of liposomes or other techniques of drug delivery known in 
the art. For example, PNA-DNA chimeras of NOVX can be generated that may combine the 
advantageous properties of PNA and DNA. Such chimeras allow DNA recognition enzymes, 
e.g., RNase H and DNA polymerases, to interact with the DNA portion while the PNA portion 
would provide high binding affinity and specificity. PNA-DNA chimeras can be linked using 

1 5 linkers of appropriate lengths selected in terms of base stacking, number of bonds between the 
nucleobases, and orientation (Hyrup (1996) above). The synthesis of PNA-DNA chimeras can 
be performed as described in Hyrup (1 996) above and Finn et al (1 996) Nucl Acids Res 24: 
3357-63. For example, a DNA chain can be synthesized on a solid support using standard 
phosphoramidite coupling chemistry, and modified nucleoside analogs, e.g., 5'-(4-methoxytrityl) 

20 amino-5'-deoxy-thymidine phosphoramidite, can be used between the PNA and the 5 r end of 
DNA (Mag et al. (1989) Nucl Acid Res 17: 5973-88). PNA monomers are then coupled in a 
stepwise manner to produce a chimeric molecule with a 5' PNA segment and a 3 ? DNA segment 
(Finn et al (1996) above). Alternatively, chimeric molecules can be synthesized with a 5 ? DNA 
segment and a 3 T PNA segment. See, Petersen et al. (1975) Bioorg Med Chem Lett 5: 

25 1119-11124. 

In other embodiments, the oligonucleotide may include other appended groups such as 
peptides (e.g., for targeting host cell receptors in vivo), or agents facilitating transport across the 
cell membrane (see, e.g., Letsinger et al., 1989, Proc. Natl Acad. Sci. U.S.A. 86:6553-6556; 
Lemaitre et aL, 1987, Proc. Natl. Acad. ScL 84:648-652; PCT Publication No. W088/09810) or 
30 the blood-brain barrier (see, e.g., PCT Publication No. W089/101 34). In addition, 

oligonucleotides can be modified with hybridization triggered cleavage agents (See, e.g., Krol et 
al, 1988, BioTechniques 6:958-976) or intercalating agents. (See, e.g., Zon, 1988, Pharm. Res. 
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5- IV'Z't .his end, ,he oligonucleotide may be conjugated ,0 anodrer molecule, . . 
peptide, a hybridization triggered cross-linking agent, a transport agent, a hybndization-tnggered 

cleavage agent, etc. 
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NOVX Polypeptides 

A NOVX polypeptide of the invention includes the NOVX-like pro,e,„ whose sequence 
is provided in SEQ ID NO: 2, 4, 6, 8, 10, 12, ,4, 16, 18, 20, 22, 24 or 26. The invention also 
inetodes a mutant or variant protein any of whose residues may be changed from the 

u ■ wo ID NO- 2 4 6 8 10,12, 14, 16,18,20,22,24or26wh.le 
corresponding residue shown in SEQ ID NO. 2, 4, o, a, 1 , 

stiH encoding a protein to. maintains hsNOVX-like activities and physio.ogica! ftmctions, or 
functional fragment thereof, .n some embodiments, up ,0 20% or more of the residues may he so 
changed in the m„,an. or variant protein. In some embodiments, the NOVX po.ypept.de 
according to the invention is a mature polypeptide. 

,„ general, aNOVX -like varian. that preserves NOVX-like .unction includes any vanan. 
in which residues a, a particular position in the sequence have been subs.itu.ed by other ammo 
acids, and further include ,he possibilny of inserting an additional residue or residues between 
«wo residues of the parent protein as well as the possibilny of dele.ing one or more res. ues from 
*» paren. sequence. Any amino acid substitution, insertion, or deletion is 
invention. In favorable circumstances, the substinuion is a conserve substi.u,.on as defined 

' one aspec, of the invention pertains ,0 isolated NOVX proteins, and biologically active 
portions thereof, or derivatives, fragment analogs or homologs .hereof. Also provided are 
polypeptide fragment sui.ah.e for use as immunogens .0 raise a„.i-NOVX an.ibod.es. In one 
embodimen, native NOVX pro.ems can be isola.ed from cells or tissue sources by an 
appropriate purification scheme using standard protein purification techniques. In another 
embodiment, NOVX proteins are produced hy recombinan. DNA techniques. Alternative .0 
recombinant expression, a NOVX protein or polypeptide can be synthesized chem.ca.ly using 

standard peptide synthesis techniques. »„„,; a ,| v 
An "isolated" or "purified" protein or biologically active portion thereof .s substantially 
free of ce.lu.ar ma.erial or o<her con.amina.ingpro.eins from .he ce.l or .issue source from which 
the NOVX pro.ei„ is derived, or substantia.* free from chemical precursors or outer chemicals 
when chemically synthesized. The la,guage "substantially free of cellular material" includes 
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preparations of NOVX protein in which the protein is separated from cellular components of the 

cells from which it is isolated or recombinantly produced. In one embodiment, the language 
"substantially free of cellular material M includes preparations of NOVX protein having less than 
about 30% (by dry weight) of non-NOVX protein (also referred to herein as a "contaminating 
5 protein"), more preferably less than about 20% of non-NOVX protein, still more preferably less 
than about 10% of non-NOVX protein, and most preferably less than about 5% non-NOVX 
protein. When the NOVX protein or biologically active portion thereof is recombinantly 
produced, it is also preferably substantially free of culture medium, i.e., culture medium 
represents less than about 20%, more preferably less than about 10%, and most preferably less 

1 0 than about 5% of the volume of the protein preparation. 

The language "substantially free of chemical precursors or other chemicals" includes 
preparations of NOVX protein in which the protein is separated from chemical precursors or 
other chemicals that are involved in the synthesis of the protein. In one embodiment, the 
language "substantially free of chemical precursors or other chemicals" includes preparations of 

1 5 NOVX protein having less than about 30% (by dry weight) of chemical precursors or 

non-NOVX chemicals, more preferably less than about 20% chemical precursors or non-NOVX 
chemicals, still more preferably less than about 10% chemical precursors or non-NOVX 
chemicals, and most preferably less than about 5% chemical precursors or non-NOVX 
chemicals. 

20 Biologically active portions of a NOVX protein include peptides comprising amino acid 

sequences sufficiently homologous to or derived from the amino acid sequence of the NOVX 
protein, e.g., the amino acid sequence shown in SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 
24 or 26 that include fewer amino acids than the full length NOVX proteins, and exhibit at least 
one activity of a NOVX protein. Typically, biologically active portions comprise a domain or 

25 motif with at least one activity of the NOVX protein. A biologically active portion of a NOVX 
protein can be a polypeptide which is, for example, 10, 25, 50, 100 or more amino acids in 
length. 

A biologically active portion of a NOVX protein of the present invention may contain at 
least one of the above-identified domains conserved between the NOVX proteins, e.g. TSR 
30 modules. Moreover, other biologically active portions, in which other regions of the protein are 
deleted, can be prepared by recombinant techniques and evaluated for one or more of the 
functional activities of a native NOVX protein. 
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In an embodiment, the NOVX protein has an amino acid sequence shown m SEQ ID NO. 

2 4 6 8 10 12 14 16, 18, 20, 22, 24 or 26. In other embodiments, the NOVX protein is 

substantially homologous to SEQ ID NO: 2. 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26 and 

retains the functional activity of the protein of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 

04 or 26 yet differs in amino acid sequence due to natural allelic variation or mutagene S1S , as 

described in detail below. Accordingly, in another embodiment, the NOVX protein is a proton 

that comprises an amino acid sequence at least about 45% homologous to the amino add 

sequence of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26 and retains the functional 

activity of the NOVX proteins of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26. 

Determining homology between two or more sequence 

To determine the percent homology of two amino acid sequences or of two nucleic acids, 
the sequences are aligned for optimal comparison purposes (e.g., gaps can be introduced in either 
of the sequences being compared for optimal alignment between the sequences). The ammo add 
residues or nucleotides at corresponding amino acid positions or nucleotide positions are then 
compared. When a position in the first sequence is occupied by the same amino acid residue or 
nucleotide as the corresponding position in the second sequence, then the molecules are 
homologous at that position (i.e., as used herein amino acid or nucleic acid "homology" is 
equivalent to amino acid or nucleic acid "identity"). 

The nucleic acid sequence homology may be determined as the degree of identity 
between two sequences. The homology may be determined using computer programs known m 
the art such as GAP software provided in the GCG program package. See, Needleman and 
Wunsch 1970 J Mol Biol 48: 443-453. Using GCG GAP software with the following settings for 
nucleic acid sequence comparison: GAP creation penalty of 5.0 and GAP extension penalty of 
0 3 the coding region of the analogous nucleic acid sequences referred to above exhibits a degree 
of identity preferably of at least 70%, 75%, 80%, 8 5 o/ 0 , 90%, 9 5 o/ 0 , 9 8 o/„, or 99% with the CDS 
(encoding) part of the DNA sequence shown in SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 
23 or 25. 

The term "sequence identity" refers to the degree to which two polynucleotide or 
polypeptide sequences are identical on a residue-by-residue basis over a particular region of 
comparison. The term "percentage of sequence identity" is calculated by comparing two 
optimally aligned sequences over that region of comparison, determining the number of positions 
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at which the identical nucleic acid base {e.g., A, T, C, G, U, or I, in the case of nucleic acids) 

occurs in both sequences to yield the number of matched positions, dividing the number of 

matched positions by the total number of positions in the region of comparison (i.e., the window 

size), and multiplying the result by 100 to yield the percentage of sequence identity. The term 

5 "substantial identity" as used herein denotes a characteristic of a polynucleotide sequence, 

wherein the polynucleotide comprises a sequence that has at least 80 percent sequence identity, 

preferably at least 85 percent identity and often 90 to 95 percent sequence identity, more usually 

at least 99 percent sequence identity as compared to a reference sequence over a comparison 

region. The term "percentage of positive residues" is calculated by comparing two optimally 

10 aligned sequences over that region of comparison, determining the number of positions at which 

the identical and conservative amino acid substitutions, as defined above, occur in both 

sequences to yield the number of matched positions, dividing the number of matched positions 

by the total number of positions in the region of comparison the window size), and 

multiplying the result by 100 to yield the percentage of positive residues. 

15 

Chimeric and fusion proteins 

The invention also provides NOVX chimeric or fusion proteins. As used herein, a 
NOVX "chimeric protein 1 ' or M fusion protein" comprises a NOVX polypeptide operatively linked 
to a non-NOVX polypeptide. An "NOVX polypeptide" refers to a polypeptide having an amino 

20 acid sequence corresponding to NOVX, whereas a "non-NOVX polypeptide" refers to a 

polypeptide having an amino acid sequence corresponding to a protein that is not substantially 
homologous to the NOVX protein, e.g., a protein that is different from the NOVX protein and 
that is derived from the same or a different organism. Within a NOVX fusion protein the NOVX 
polypeptide can correspond to all or a portion of a NOVX protein. In one embodiment, a NOVX 

25 fusion protein comprises at least one biologically active portion of a NOVX protein. In another 
embodiment, a NOVX fusion protein comprises at least two biologically active portions of a 
NOVX protein. Within the fusion protein, the term "operatively linked" is intended to indicate 
that the NOVX polypeptide and the non-NOVX polypeptide are fused in- frame to each other. 
The non-NOVX polypeptide can be fused to the N-terminus or C-terminus of the NOVX 

30 polypeptide. 

For example, in one embodiment a NOVX fusion protein comprises a NOVX polypeptide 
operably linked to the extracellular domain of a second protein. Such fusion proteins can be 
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XXdin screening assays for compounds tha, modulate NOVX activity (such assays are . 

described in detail below). 

,„ another embodiment, the fusion protein is a GST-NOVX fusion protein » wh,ch the 
NOVX sequences are fused ,o the C-terminus of the OST (,e. , glutathione S-transferase) 
, sequences. Such Nonproteins can faeiiitate me purification of recombinant NOVX. 

m another embodiment, the fusion protein is a NOVX-immunoglobulin fusion protetn m 
which the NOVX sequences comprising one or more domains are fused to sequences denved 
from a member of the immunogiobulin protein family. The NOVX-immunoglobulin fuston 
proteins of the invention can be incorporated tn.o pharmaceutic^ compositions and admnustered 
,0 L subject to inhibit an interaction between a NOVX Hgand and a NOVX protein on the surface 
of a ce... to thereby suppress NOVX-mediated signal transduction in v.vo. !» one no— 
example, a contemplated NOVX ligand of the invention is the NOVX receptor. The 
NOVX-irnmunoglobulin fusion proteins canbe used to affect the bioavailabihty of aNOVX 
cognate Hgand. Munition of the NOVX ligand/NOVX interaction may be useful therapeuttcally 
15 for both the treatment of proliferative and differentiate disorders, e.g., cancer as well as 
modu,a,ing (e.g., promoting or inhibiting) ceil survival, as well as acute artd chrome 
inflammatory disorders and hyperplastic wound healing, e.g. hypertrophic sc*s and kelotds. 
Moreover, the NOVX-irrununoglobuHn fusion proteins of the invention can be used as 
immunogens to produce anti-NOVX antibodies in a subject, to purify NOVX Hgands, and m 

A NOVX chimeric or fusion protein of the invention can be produced by standard 
recombinant DN A techniques. For example, DNA fragments coding for the different 
po.ypeptide sequences are ligated together in-frame in accordance with conventiona! techmques, 
. g. by employing blunt-ended or stagger-ended termini for ligation, restriction enzyme 
25 digestion ,0 provide for appropriate termini, fl.ling-in of cohesive ends as appropriate, alkahne 
phosphatase treatment to avoid undesirable joining, and enzymatic ligation. In another 
Ibodiment, the fusion gene can be synthesized by conventiona, techniques inchtding automated 
DN A synthesizers. Alternative*, PGR amplification of gene fragments can be carried on, usmg 
anchor primers that give rise to complementary overhangs between two consecutrve gene 
30 fragments tha, can subsequent* be annealed and reamphfied to generate a chimenc gene 

sequence (see, for example, Ausubel et al. (eds.) « Protocols * Mo«— 
,ohn Wiley ft Sons, 1992). Moreover, man, expression vectors are commercial* avatlab.e mat 
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already encode a fusion moiety (e.g., a GST polypeptide). A NOVX-encoding nucleic acid can 
be cloned into such an expression vector such that the fusion moiety is linked in-frame to the 
NOVX protein. 



5 NOVX agonists and antagonists 

The present invention also pertains to variants of the NOVX proteins that function as 
either NOVX agonists (mimetics) or as NOVX antagonists. Variants of the NOVX protein can 
be generated by mutagenesis, e.g., discrete point mutation or truncation of the NOVX protein. 
An agonist of the NOVX protein can retain substantially the same, or a subset of, the biological 

10 activities of the naturally occurring form of the NOVX protein. An antagonist of the NOVX 
protein can inhibit one or more of the activities of the naturally occurring form of the NOVX 
protein by, for example, competitively binding to a downstream or upstream member of a 
cellular signaling cascade which includes the NOVX protein. Thus, specific biological effects 
can be elicited by treatment with a variant of limited function. In one embodiment, treatment of 

15 a subject with a variant having a subset of the biological activities of the naturally occurring form 
of the protein has fewer side effects in a subject relative to treatment with the naturally occurring 
form of the NOVX proteins. 

Variants of the NOVX protein that function as either NOVX agonists (mimetics) or as 
NOVX antagonists can be identified by screening combinatorial libraries of mutants, e.g., 

20 truncation mutants, of the NOVX protein for NOVX protein agonist or antagonist activity. In 
one embodiment, a variegated library of NOVX variants is generated by combinatorial 
mutagenesis at the nucleic acid level and is encoded by a variegated gene library. A variegated 
library of NOVX variants can be produced by, for example, enzymatically ligating a mixture of 
synthetic oligonucleotides into gene sequences such that a degenerate set of potential NOVX 

25 sequences is expressible as individual polypeptides, or alternatively, as a set of larger fusion 
proteins (e.g., for phage display) containing the set of NOVX sequences therein. There are a 
variety of methods which can be used to produce libraries of potential NOVX variants from a 
degenerate oligonucleotide sequence. Chemical synthesis of a degenerate gene sequence can be 
performed in an automatic DNA synthesizer, and the synthetic gene then ligated into an 

30 appropriate expression vector. Use of a degenerate set of genes allows for the provision, in one 
mixture, of all of the sequences encoding the desired set of potential NOVX sequences. Methods 
for synthesizing degenerate oligonucleotides are known in the art (see, e.g., Narang (1983) 
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TelZTonlU Itakura et al. (1984) Annu Rev Biochem 53:323; Itakura et al. (1984) Science 
198:1056; Ike et al. (1983) Nucl Acid Res 11:477. 

Polypeptide libraries 

In addition, libraries of fragments of the NOVX protein coding sequence can be used to 
generate a variegated population of NOVX fragments for screening and subsequent selection of 
variants of a NOVX protein. In one embodiment, a library of coding sequence fragments can be 
generated by treating a double stranded PCR fragment of aNOVX coding sequence with a 
nuclease under conditions wherein nicking occurs only about once per molecule, denaturing the 
double stranded DN A, renaturing the DNA to form double stranded DNA that can include 
sense/antisense pairs from different nicked products, removing single stranded portions from 
reformed duplexes by treatment with SI nuclease, and ligating the resulting fragment library into 
an expression vector. By this method, an expression library can be derived which encodes 
N-terminal and internal fragments of various sizes of the NOVX protein. 

Several techniques are known in the art for screening gene products of combinatorial 
libraries made by point mutations or truncation, and for screening cDNA libraries for gene 
products having a selected property. Such techniques are adaptable for rapid screening of the 
gene libraries generated by the combinatorial mutagenesis of NOVX proteins. The most widely 
used techniques, which are amenable to high throughput analysis, for screening large gene 
libraries typically include cloning the gene library into replicable expression vectors, 
transforming appropriate cells with the resulting library of vectors, and expressing the 
combinatorial genes under conditions in which detection of a desired activity facilitates isolation 
of the vector encoding the gene whose product was detected. Recrusive ensemble mutagenesis 
(REM) a new technique that enhances the frequency of functional mutants in the libraries, can 
be used in combination with the screening assays to identify NOVX variants (Arkin and Yourvan 
(1992) PNAS 89:781 1-7815; Delgrave et al. (1993) Protein Engineering 6:327-331). 

NOVX Antibodies 

Also included in the invention are antibodies to NOVX proteins, or fragments of NOVX 
proteins. The term "antibody" as used herein refers to immunoglobulin molecules and 
immunologically active portions of immunoglobulin (Ig) molecules, i.e., molecules that contain 
an antigen binding site that specifically binds (immunoreacts with) an antigen. Such antibodies 
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include, but are not limited to, polyclonal, monoclonal, chimeric, single chain, F ab , F ab . and F (ab . )2 

fragments, and an F ab expression library. In general, an antibody molecule obtained from 
humans relates to any of the classes IgG, IgM, IgA, IgE and IgD, which differ from one another 
by the nature of the heavy chain present in the molecule. Certain classes have subclasses as well, 
5 such as IgG l5 IgG 2 , and others. Furthermore, in humans, the light chain may be a kappa chain or 
a lambda chain. Reference herein to antibodies includes a reference to all such classes, 
subclasses and types of human antibody species. 

An isolated NOVX-related protein of the invention may be intended to serve as an 
antigen, or a portion or fragment thereof, and additionally can be used as an immunogen to 

10 generate antibodies that immunospecifically bind the antigen, using standard techniques for 
polyclonal and monoclonal antibody preparation. The full-length protein can be used or, 
alternatively, the invention provides antigenic peptide fragments of the antigen for use as 
immunogens; An antigenic peptide fragment comprises at least 6 amino acid residues of the 
amino acid sequence of the full length protein, such as an amino acid sequence shown in SEQ ID 

15 NO: 2, 4, 6 ,8 ,10, 12, 14, 16, 18, or 20, and encompasses an epitope thereof such that an 

antibody raised against the peptide forms a specific immune complex with the full length protein 
or with any fragment that contains the epitope. Preferably, the antigenic peptide comprises at 
least 10 amino acid residues, or at least 15 amino acid residues, or at least 20 amino acid 
residues, or at least 30 amino acid residues. Preferred epitopes encompassed by the antigenic 

20 peptide are regions of the protein that are located on its surface; commonly these are hydrophilic 
regions. 

In certain embodiments of the invention, at least one epitope encompassed by the 
antigenic peptide is a region of NOVX-related protein that is located on the surface of the 
protein, e.g., a hydrophilic region. A hydrophobicity analysis of the human NOVX-related 

25 protein sequence will indicate which regions of a NOVX-related protein are particularly 

hydrophilic and, therefore, are likely to encode surface residues useful for targeting antibody 
production. As a means for targeting antibody production, hydropathy plots showing regions of 
hydrophilicity and hydrophobicity may be generated by any method well known in the art, 
including, for example, the Kyte Doolittle or the Hopp Woods methods, either with or without 

30 Fourier transformation. See, e.g., Hopp and Woods, 1981, Proc. Nat. Acad Sci. USA 78: 3824- 
3828; Kyte and Doolittle 1982, J. MoL Biol. 157: 105-142, each of which is incorporated herein 
by reference in its entirety. Antibodies that are specific for one or more domains within an 
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antigenic protein, or derivatives, fragments, analogs or homologs thereof, are also proved 

herein. 

A protein of the invention, or a derivative, fragment, analog, homolog or ortholog thereof, 
may be utilized as an immunogen in the generation of antibodies that immunospecifically bind 

these protein components. 

Various procedures known within the art may be used for the production of polyclonal or 
monoclonal antibodies directed against a protein of the invention, or against derivatives, 
fragments, analogs homologs or orthologs thereof (see, for example, Antibodies: A Laboratory 
Manual Harlow E, and Lane D, 1 988, Cold Spring Harbor Laboratory Press, Cold Spnng 
Harbor NY, incorporated herein by reference). Some of these antibodies are discussed below. 



Polyclonal Antibodies 

For the production of polyclonal antibodies, various suitable host animals (e.g., rabbit, 
goat, mouse or other mammal) may be immunized by one or more injections with the native 
15 protein, a synthetic variant thereof, or a derivative of the foregoing. An appropriate 

immunogenic preparation can contain, for example, the naturally occurring immunogenic 
protein, a chemically synthesized polypeptide representing the immunogenic protein, or a 
recombinants expressed immunogenic protein. Furthermore, the protein may be conjugated to 
a second protein known to be immunogenic in the mammal being immunized. Examples of such 
,0 immunogenic proteins include but are not limited to keyhole limpet hemocyanin, serum albumin, 
bovine thyroglobulin, and soybean trypsin inhibitor. The preparation can further include an 
adjuvant. Various adjuvants used to increase the immunological response include, but are not 
limited to, Freund's (complete and incomplete), mineral gels (e.g., aluminum hydroxide), surface 
active substances (e.g., lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions, 
25 dinitrophenol, etc.), adjuvants usable in humans such as Bacille Calmette-Guerin and 

Corynebacterium parvum, or similar immunostimulatory agents. Additional examples of 
adjuvants which can be employed include MPL-TDM adjuvant (monophosphoryl Lipid A, 
synthetic trehalose dicorynomycolate). 

The polyclonal antibody molecules directed against the immunogenic protein can be 
30 isolated from the mammal (e.g., from the blood) and further purified by well known techniques, 
such as affinity chromatography using protein A or protein G, which provide primarily the IgG 
fraction of immune serum. Subsequently, or alternatively, the specific antigen which is the target 
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of the immunoglobulin sought, or an epitope thereof, may be immobilized on a column to purify 

the immune specific antibody by immunoaffinity chromatography. Purification of 

immunoglobulins is discussed, for example, by D. Wilkinson (The Scientist, published by The 

Scientist, Inc., Philadelphia PA, Vol. 14, No. 8 (April 17, 2000), pp. 25-28). 

5 

Monoclonal Antibodies 

The term "monoclonal antibody" (MAb) or "monoclonal antibody composition", as used 
herein, refers to a population of antibody molecules that contain only one molecular species of 
antibody molecule consisting of a unique light chain gene product and a unique heavy chain 

10 gene product. In particular, the complementarity determining regions (CDRs) of the monoclonal 
antibody are identical in all the molecules of the population. MAbs thus contain an antigen 
binding site capable of immunoreacting with a particular epitope of the antigen characterized by 
a unique binding affinity for it. 

Monoclonal antibodies can be prepared using hybridoma methods, such as those 

15 described by Kohler and Milstein, Nature , 256 :495 (1975). In a hybridoma method, a mouse, 
hamster, or other appropriate host animal, is typically immunized with an immunizing agent to 
elicit lymphocytes that produce or are capable of producing antibodies that will specifically bind 
to the immunizing agent. Alternatively, the lymphocytes can be immunized in vitro. 

The immunizing agent will typically include the protein antigen, a fragment thereof or a 

20 fusion protein thereof. Generally, either peripheral blood lymphocytes are used if cells of human 
origin are desired, or spleen cells or lymph node cells are used if non-human mammalian sources 
are desired. The lymphocytes are then fused with an immortalized cell line using a suitable 
fusing agent, such as polyethylene glycol, to form a hybridoma cell (Goding, Monoclonal 
Antibodies: Principles and Practice , Academic Press, (1986) pp. 59-103). Immortalized cell lines 

25 are usually transformed mammalian cells, particularly myeloma cells of rodent, bovine and 

human origin. Usually, rat or mouse myeloma cell lines are employed. The hybridoma cells can 
be cultured in a suitable culture medium that preferably contains one or more substances that 
inhibit the growth or survival of the unfused, immortalized cells. For example, if the parental 
cells lack the enzyme hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the 

30 culture medium for the hybridomas typically will include hypoxanthine, aminopterin, and 

thymidine ("HAT medium"), which substances prevent the growth of HGPRT-deficient cells. 
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WO S immortaiized cel, lines are those that fuse efficiency, suppon stable high level 
expression of antibody by the seated antibody-producing ceUs, and are sensitive to a medrum 
such as HAT medium. More preferred tmmorialized cel, lines are murine myeloma hnes, winch 
can be obtained, for instance, tan the Salk Institute CeU Distribution Center, San D,ego 
California and the American Type Culture Collection, Manassas, Virginia. Human myeloma and 
mouse-human heteromyeloma cel, Hnes also have been described for the production of human 
monoclona. antibodies (Kozbor, » 121:3001 (.984); Brodeur e, al., Mo^d 
toabfi&Ii2!teli2I ^^ Marce! Dekker, Inc., New York, (1987) pp. 

M " 63) ' The culture medium in which the hybridoma cel.s are cultured can then be assayed for the 
presence of monoclonal antibodies directed against the antigen. Preferably, the bmdmg 
specificity of monoclonal antibodies produced by the hybridoma cells is determined by 
immunoprecipitation or by an in vitro binding assay, such as radioimmunoassay (RIA) or 
enzyme-linked —absorbent assay (ELISA). Such techniques and assays are known tn the 
art The binding affinity of the monoclonal antibody can, for example, be determined by the 
Scatchard analysis of Munson and Pollard, AxBkStoto. 107*20 (.980). Preferably, 
antibodies havmg a high degree of specificity and a high binding affinity for the targe, anttgen 



are isolated 



0 



ated. _ ... 

After the desired hybridoma cells are identified, the clones can be subcloned by hmttmg 
dilution procedures and grown by standard method, Suitable culture media for mis purpose 
include, for example, Dulbecco's Modified Eagle's Medium and RPM.-.640 medium. 
Alternatively, the hybridoma cells can be grown fv vivo as ascites m a mammal. 

The monoclonal antibodies secreted by the subclones can be isolated or punfied from the 
culture medium or ascites fluid by conventional immunoglobulin purification procedures such as 
for example, protein A-Sepharose, hydroxylase chromatography, gel e.ectrophoresis, dtalysrs 

or affinity chromatography. 

The monoclonal antibodies can also be made by recombinant DNA methods, such as 
those described in U.S. Paten, No. 4,816,567. DNA encoding the monoclona. antibodtes of the 
invention can be readily isolared and sequenced using conventional procedures (e.g., by usmg 
oligonucleotide probes that are capable of binding specifically to genes encoding the heavy and 
light chains of murine antibodies). The hybridoma cells of the invention serve as a preferred 
source of such DNA. Once isolated, the DNA can be placed into expression vectors, wh.ch are 
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then transfected into host cells such as simian COS cells, Chinese hamster ovary (CHO) cells, or 
myeloma cells that do not otherwise produce immunoglobulin protein, to obtain the synthesis of 
monoclonal antibodies in the recombinant host cells. The DNA also can be modified, for 
example, by substituting the coding sequence for human heavy and light chain constant domains 
5 in place of the homologous murine sequences (U.S. Patent No. 4,816,567; Morrison, Nature 368 , 
812-13 (1994)) or by covalently joining to the immunoglobulin coding sequence all or part of the 
coding sequence for a non-immunoglobulin polypeptide. Such a non-immunoglobulin 
polypeptide can be substituted for the constant domains of an antibody of the invention, or can be 
substituted for the variable domains of one antigen-combining site of an antibody of the 
10 invention to create a chimeric bivalent antibody. 

Humanized Antibodies 

The antibodies directed against the protein antigens of the invention can further comprise 
humanized antibodies or human antibodies. These antibodies are suitable for administration to 

1 5 humans without engendering an immune response by the human against the administered 
immunoglobulin. Humanized forms of antibodies are chimeric immunoglobulins, 
immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab', F(ab') 2 or other antigen- 
binding subsequences of antibodies) that are principally comprised of the sequence of a human 
immunoglobulin, and contain minimal sequence derived from a non-human immunoglobulin. 

20 Humanization can be performed following the method of Winter and co-workers (Jones et al., 
Nature . 321:522-525 (1986); Riechmann et al., Nature , 332:323-327 (1988); Verhoeyen et ah, 
Science , 239:1534-1536 (1988)), by substituting rodent CDRs or CDR sequences for the 
corresponding sequences of a human antibody. (See also U.S. Patent No. 5,225,539.) In some 
instances, Fv framework residues of the human immunoglobulin are replaced by corresponding 

25 non-human residues. Humanized antibodies can also comprise residues which are found neither 
in the recipient antibody nor in the imported CDR or framework sequences. In general, the 
humanized antibody will comprise substantially all of at least one, and typically two, variable 
domains, in which all or substantially all of the CDR regions correspond to those of a non-human 
immunoglobulin and all or substantially all of the framework regions are those of a human 

30 immunoglobulin consensus sequence. The humanized antibody optimally also will comprise at 
least a portion of an immunoglobulin constant region (Fc), typically that of a human 

89 



PCT/lJSOl/01513 

i^globulin (Jones et al., 1986; Riechmann et al., 1988; and Presta, Qm^rm^L, 
2:593-596 (1992)). 



Human Antibodies 

Fully human antibodies relate to antibody molecules in which essentially the entire 
sequences of both the light chain and the heavy chain, including the CDRs, arise from human 
genes. Such antibodies are termed "human antibodies", or "fully human antibodies" herem. 
Human monoclonal antibodies can be prepared by the trioma technique; the human B-cell 
hybridoma technique (see Kozbor, et al., 1983 Immunol Today 4: 72) and the EBV hybridoma 
technique to produce human monoclonal antibodies (see Cole, et al., 1985 In: MONOCLONAL 
Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). Human monoclonal 
antibodies may be utilized in the practice of the present invention and may be produced by usmg 
human hybridomas (see Cote, et al., 1983. Proc Natl Acad Sci USA 80: 2026-2030) or by 
transforming human B-cells with Epstein Barr Vims in vitro (see Cole, et al., 1985 In: 
MONOCLONAL ANTIBODIES AND Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). 

In addition, human antibodies can also be produced using additional techniques, 
including phage display libraries (Hoogenboom and Winter, JJ^LBioL, 227:381 (1991); 
Marks et al., LMohBioL, 222:581 (1991)). Similarly, human antibodies can be made by 
introducing human immunoglobulin loci into transgenic animals, e.g., mice in which the 
endogenous immunoglobulin genes have been partially or completely inactivated. Upon 
challenge, human antibody production is observed, which closely resembles that seen in humans 
in all respects, including gene rearrangement, assembly, and antibody repertoire. This approach 
is described, for example, in U.S. Patent No, 5,545,807; 5,545,806; 5,569,825; 5,625,126; 
5 633 *>5- 5 661,016, and in Marks et al. (BJoy^echnology 10, 779-783 (1992)); Lonberg et al. 
(Nature 368 856-859 (1994)); Morrison (Nature 368, 812-13 (1994)); Fishwild et al,(Nature 
BiotecWpjy. 14, 845-51 (1996)); Neuberger (H^B^moMx 14, 826 (1996)); and 
Lonberg and Huszar (Intern. Rev. Immunol, 13 65-93 (1995)). 

Human antibodies may additionally be produced using transgenic nonhuman animals 
which are modified so as to produce fully human antibodies rather than the animal's endogenous 
antibodies in response to challenge by an antigen. (See PCT publication WO94/02602). The 
endogenous genes encoding the heavy and light immunoglobulin chains in the nonhuman host 
have been incapacitated, and active loci encoding human heavy and light chain immunoglobuhns 
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are inserted into the host's genome. The human genes are incorporated, for example, using yeast 
artificial chromosomes containing the requisite human DNA segments. An animal which 
provides all the desired modifications is then obtained as progeny by crossbreeding intermediate 
transgenic animals containing fewer than the full complement of the modifications. The 
5 preferred embodiment of such a nonhuman animal is a mouse, and is termed the Xenomouse™ as 
disclosed in PCT publications WO 96/33735 and WO 96/34096. This animal produces B cells 
which secrete fully human immunoglobulins. The antibodies can be obtained directly from the 
animal after immunization with an immunogen of interest, as, for example, a preparation of a 
polyclonal antibody, or alternatively from immortalized B cells derived from the animal, such as 

10 hybridomas producing monoclonal antibodies. Additionally, the genes encoding the 

immunoglobulins with human variable regions can be recovered and expressed to obtain the 
antibodies directly, or can be further modified to obtain analogs of antibodies such as, for 
example, single chain Fv molecules. 

An example of a method of producing a nonhuman host, exemplified as a mouse, lacking 

15 expression of an endogenous immunoglobulin heavy chain is disclosed in U.S. Patent No. 

5,939,598. It can be obtained by a method including deleting the J segment genes from at least 
one endogenous heavy chain locus in an embryonic stem cell to prevent rearrangement of the 
locus and to prevent formation of a transcript of a rearranged immunoglobulin heavy chain locus, 
the deletion being effected by a targeting vector containing a gene encoding a selectable marker; 

20 and producing from the embryonic stem cell a transgenic mouse whose somatic and germ cells 
contain the gene encoding the selectable marker. 

A method for producing an antibody of interest, such as a human antibody, is disclosed in 
U.S. Patent No. 5,916,771 . It includes introducing an expression vector that contains a 
nucleotide sequence encoding a heavy chain into one mammalian host cell in culture, introducing 

25 an expression vector containing a nucleotide sequence encoding a light chain into another 

mammalian host cell, and fusing the two cells to form a hybrid cell. The hybrid cell expresses an 
antibody containing the heavy chain and the light chain. 

In a further improvement on this procedure, a method for identifying a clinically relevant 
epitope on an immunogen, and a correlative method for selecting an antibody that binds 

30 immunospecifically to the relevant epitope with high affinity, are disclosed in PCT publication 
WO 99/53049. 
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F b Fragments and Single Chain Antibodies 

According to the invention, techniques can be adapted for the production of single-cham 
antibodies specific to an antigenic protein of the invention (see e.g., U.S. Patent No. 4,946,778). 
In addition, methods can be adapted for the construction of F ab expression libraries (see e.g., 
Huse et al., 1989 Science 246: 1275-1281) to allow rapid and effective identification of 
monoclonal F ab fragments with the desired specificity for a protein or derivatives, fragments, 
analogs or homologs thereof. Antibody fragments that contain the idiotypes to a protem ant.gen 
may be produced by techniques known in the art including, but not limited to: (i) an F w 
fragment produced by pepsin digestion of an antibody molecule; (ii) an F ab fragment generated 
by reducing the disulfide bridges of an F (ab ,, fragment; (iii) an F ab fragment generated by the 
treatment of the antibody molecule with papain and a reducing agent and (iv) F v fragments. 

Bispecific Antibodies 

Bispecific antibodies are monoclonal, preferably human or humanized, antibodies that 
have binding specificities for at least two different antigens. In the present case, one of the 
binding specificities is for an antigenic protein of the invention. The second binding target xs any 
other antigen, and advantageously is a cell-surface protein or receptor or receptor subumt. 

Methods for making bispecific antibodies are known in the art. Traditionally, the 
recombinant production of bispecific antibodies is based on the co-expression of two 
immunoglobulin heavy-chain/light-chain pairs, where the two heavy chains have different 
specificities (Milstein and Cuello, Natum, 305 :537-539 (1983)). Because of the random 
assortment of immunoglobulin heavy and light chains, these hybridomas (quadromas) produce a 
potential mixture often different antibody molecules, of which only one has the correct 
bispecific structure. The purification of the correct molecule is usually accomplished by affinity 
chromatography steps. Similar procedures are disclosed in WO 93/08829, published 13 May 
1993,andinTraunecker^., 1991 EMBOJ., 10:3655-3659. 

Antibody variable domains with the desired binding specificities (antibody-antigen 
combining sites) can be fused to immunoglobulin constant domain sequences. The fusion 
preferably is with an immunoglobulin heavy-chain constant domain, comprising at least part of 
the hinge, CH2, and CH3 regions. It is preferred to have the first heavy-chain constant re gl on 
(CHI) containing the site necessary for light-chain binding present in at least one of the fusions. 
DNAs encoding the immunoglobulin heavy-chain fusions and, if desired, the immunoglobulin 
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light chain, are inserted into separate expression vectors, and are co-transfected into a suitable 

host organism. For further details of generating bispecific antibodies see, for example, Suresh et 

al., Methods in Enzymology , 121:210 (1986). 

According to another approach described in WO 96/2701 1, the interface between a pair 

5 of antibody molecules can be engineered to maximize the percentage of heterodimers which are 

recovered from recombinant cell culture. The preferred interface comprises at least a part of the 

CH3 region of an antibody constant domain. In this method, one or more small amino acid side 

chains from the interface of the first antibody molecule are replaced with larger side chains (e.g. 

tyrosine or tryptophan). Compensatory "cavities" of identical or similar size to the large side 

10 chain(s) are created on the interface of the second antibody molecule by replacing large amino 
acid side chains with smaller ones (e.g. alanine or threonine). This provides a mechanism for 
increasing the yield of the heterodimer over other unwanted end-products such as homodimers. 

Bispecific antibodies can be prepared as full length antibodies or antibody fragments (e.g. 
F(ab') 2 bispecific antibodies). Techniques for generating bispecific antibodies from antibody 

1 5 fragments have been described in the literature. For example, bispecific antibodies can be 

prepared using chemical linkage. Brennan et al., Science 229:81 (1985) describe a procedure 
wherein intact antibodies are proteolytically cleaved to generate F(ab ? ) 2 fragments. These 
fragments are reduced in the presence of the dithiol complexing agent sodium arsenite to 
stabilize vicinal dithiols and prevent intermolecular disulfide formation. The Fab 5 fragments 

20 generated are then converted to thionitrobenzoate (TNB) derivatives. One of the Fab'-TNB 
derivatives is then reconverted to the Fab '-thiol by reduction with mercaptoethylamine and is 
mixed with an equimolar amount of the other Fab'-TNB derivative to form the bispecific 
antibody. The bispecific antibodies produced can be used as agents for the selective 
immobilization of enzymes. 

25 Additionally, Fab' fragments can be directly recovered from E. coli and chemically 

coupled to form bispecific antibodies. Shalaby et al., J. Exp. Med. 175:217-225 (1992) describe 
the production of a fully humanized bispecific antibody F(ab') 2 molecule. Each Fab' fragment 
was separately secreted from E. coli and subjected to directed chemical coupling in vitro to form 
the bispecific antibody. The bispecific antibody thus formed was able to bind to cells 

30 overexpressing the ErbB2 receptor and normal human T cells, as well as trigger the lytic activity 
of human cytotoxic lymphocytes against human breast tumor targets. 
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Various techniques for making and isolating bispecific antibody fragments directly from 
recombinant cell culture have also been described. For example, bispecific antibodies have been 
produced using leucine zippers. Kostelny et al., JJlI«L 148(5):1547-1553 (1992). The 
leucine zipper peptides from the Fos and Jun proteins were linked to the Fab' portions of two 
different antibodies by gene fusion. The antibody homodimers were reduced at the hinge region 
to form monomers and then re-oxidized to form the antibody heterodimers. This method can 
also be utilized for the production of antibody homodimers. The "diabody" technology described 
by Hollinger et al., Tw^tl Acad. Sci. USA 90:6444-6448 (1993) has provided an alternative 
mechanism for making bispecific antibody fragments. The fragments comprise a heavy-chain 
variable domain (V„) connected to a light-chain variable domain (V L ) by a linker which is too 
short to allow pairing between the two domains on the same chain. Accordingly, the V H and V L 
domains of one fragment are forced to pair with the complementary V L and V H domains of 
another fragment, thereby forming two antigen-binding sites. Another strategy for making 
bispecific antibody fragments by the use of single-chain Fv (sFv) dimers has also been reported. 
See, Gruber et al., J. Immunol. 152:5368 (1994). 

Antibodies with more than two valencies are contemplated. For example, trispecific 
antibodies can be prepared. Tutt et al., JJrnmunoL 147:60 (1991). 

Exemplary bispecific antibodies can bind to two different epitopes, at least one of which 
originates in the protein antigen of the invention. Alternatively, an anti-antigenic arm of an 
immunoglobulin molecule can be combined with an arm which binds to a triggering molecule on 
a leukocyte such as a T-cell receptor molecule (e.g. CD2, CD3, CD28, or B7), or Fc receptors for 
IgG (Fc R), such as Fc RI (CD64), Fc RII (CD32) and Fc R1II (CD16) so as to focus cellular 
defense mechanisms to the cell expressing the particular antigen. Bispecific antibodies can also 
be used to direct cytotoxic agents to cells which express a particular antigen. These antibodies 
possess an antigen-binding arm and an arm which binds a cytotoxic agent or a radionuclide 
chelator, such as EOTUBE, DPTA, DOTA, or TETA. Another bispecific antibody of interest 
binds the protein antigen described herein and further binds tissue factor (TF). 



Heteroconjugate Antibodies 

30 Heteroconjugate antibodies are also within the scope of the present invention. 

Heteroconjugate antibodies are composed of two covalently joined antibodies. Such antibodies 
have, for example, been proposed to target immune system cells to unwanted cells (U.S. Patent 
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No. 4,676,980), and for treatment of HIV infection (WO 91/00360; WO 92/200373; EP 03089). 
It is contemplated that the antibodies can be prepared in vitro using known methods in synthetic 
protein chemistry, including those involving crosslinking agents. For example, immunotoxins 
can be constructed using a disulfide exchange reaction or by forming a thioether bond. Examples 
5 of suitable reagents for this purpose include iminothiolate and methyl-4-mercaptobutyrimidate 
and those disclosed, for example, in U.S. Patent No. 4,676,980. 

Effector Function Engineering 

It can be desirable to modify the antibody of the invention with respect to effector 
10 function, so as to enhance, e.g., the effectiveness of the antibody in treating cancer. For example, 
cysteine residue(s) can be introduced into the Fc region, thereby allowing interchain disulfide 
bond formation in this region. The homodimeric antibody thus generated can have improved 
internalization capability and/or increased complement-mediated cell killing and antibody- 
dependent cellular cytotoxicity (ADCC). See Caron et al., J. Exp Med., 176: 1 191-1 195 (1992) 
15 and Shopes, J. Immunol., 148: 2918-2922 (1992). Homodimeric antibodies with enhanced anti- 
tumor activity can also be prepared using heterobifunctional cross-linkers as described in Wolff 
et al. Cancer Research, 53: 2560-2565 (1993). Alternatively, an antibody can be engineered that 
has dual Fc regions and can thereby have enhanced complement lysis and ADCC capabilities. 
See Stevenson et al., Anti-Cancer Drug Design, 3: 219-230 (1989). 

20 

Immunoconjugates 

The invention also pertains to immunoconjugates comprising an antibody conjugated to a 
cytotoxic agent such as a chemotherapeutic agent, toxin (e.g., an enzymatically active toxin of 
bacterial, fungal, plant, or animal origin, or fragments thereof), or a radioactive isotope (i.e., a 

25 radioconjugate). 

Chemotherapeutic agents useful in the generation of such immunoconjugates have been 
described above. Enzymatically active toxins and fragments thereof that can be used include 
diphtheria A chain, nonbinding active fragments of diphtheria toxin, exotoxin A chain (from 
Pseudomonas aeruginosa), ricin A chain, abrin A chain, modeccin A chain, alpha-sarcin, 

30 Aleurites fordii proteins, dianthin proteins, Phytolaca americana proteins (PAPI, PAPII, and 

PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria officinalis inhibitor, gelonin, 
mitogellin, restrictocin, phenomycin, enomycin, and the tricothecenes. A variety of 
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radtZidesl availab,e for the production of radioconjugated antibodies. Examples include ■ 

>"Bi "'I "'In, *Y, and "Re. 

' Conjugates of the antibody and cytotoxic agent are made using a variety of bifunctional 
protein-coupling agents such as N-succinimidyi-3-(2-p y ridy.di.hiol) propionate (SPDP), 
iminothiolane (IT), bifunctional derivatives of imidoesters (such as dimethyl adiptendate HCL), 
active esters (such as disuccinimidyl suberate), aldehydes (such as glutareldehyde), bts-azrdo 
compounds (such as bis (p-azidobeuzoyl) hexanediamine), his-diazonium derivatives (such as 
bis-tp-diazoniumbenzoyD-ethylenediamine), diisoeyana,es (such as tolyene 2,6-diisocyanate), 
and bis-active fluorine compounds (such as ,,5-difluoro-2,4-dirmrobenzene). For example, a 

ricin immunotoxin can be prepared as described in Vitetta et al., Science, 238: 1098 (1987). 

Carbon-14-labeled ,-isouiiocyanatobenzyl-3-m«hyldiethylene triaminepentaacehc acrd (MX- 

DTPA) is an exemplary chelating agent for conjugation of radionuclide to the antibody. See 

WO94/11026. 

to another embodiment, the antibody can be conjugated to a "receptor" (such streptavtdm) 
for utilization in tumor pretargeting wherein the antibody-receptor conjugate is admimstered ,o 
the patient, followed by removal of unbound conjugate from me circulation using a cleanng 
agent a*d then administration of a "ligand" (e.g., avidin) that is in turn conjugated to a cytotoxrc 
agent. 



20 NOVX Recombinant Expression Vectors and Host Cells 

Another aspect of the invention pertains to vectors, preferably expression vectors, 
containing a nucleic acid encoding a NOVX protein, or derivatives, fragments, analogs or 
homologs thereof. As used herein, the term "vector" refers to a nucleic acid molecule capable of 
transporting another nucleic acid to which it has been linked. One type of vector is a "plasrmd", 
25 which refers to a circular double stranded DNA loop into which additional DNA segments can be 
Hgated. Another type of vector is a viral vector, wherein additional DNA segments can be hgated 
into the viral genome. Certain vectors are capable of autonomous replication in a host cell mto 
which they are introduced (e.g., bacterial vectors having a bacterial origin of replication and 
episomal mammalian vectors). Other vectors (e.g., non-episomal mammalian vectors) are 
30 integrated into the genome of a host cell upon introduction into the host cell, and thereby are 
replicated along with the host genome. Moreover, certain vectors are capable of directmg the 
expression of genes to which they are operatively-linked. Such vectors are referred to herem as 
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"expression vectors". In general, expression vectors of utility in recombinant DNA techniques 

are often in the form of plasmids. In the present specification, "plasmid" and "vector" can be 

used interchangeably as the plasmid is the most commonly used form of vector. However, the 

invention is intended to include such other forms of expression vectors, such as viral vectors 

5 (e.g., replication defective retroviruses, adenoviruses and adeno-associated viruses), which serve 

equivalent functions. 

The recombinant expression vectors of the invention comprise a nucleic acid of the 
invention in a form suitable for expression of the nucleic acid in a host cell, which means that the 
recombinant expression vectors include one or more regulatory sequences, selected on the basis 

10 of the host cells to be used for expression, that is operatively-linked to the nucleic acid sequence 
to be expressed. Within a recombinant expression vector, "operably-linked" is intended to mean 
that the nucleotide sequence of interest is linked to the regulatory sequence(s) in a mariner that 
allows for expression of the nucleotide sequence (e.g., in an in vitro transcription/translation 
system or in a host cell when the vector is introduced into the host cell). 

15 The term "regulatory sequence" is intended to includes promoters, enhancers and other 

expression control elements (e.g., polyadenylation signals). Such regulatory sequences are 
described, for example, in Goeddel, Gene Expression Technology : Methods in 
Enzymology 185, Academic Press, San Diego, Calif. (1990). Regulatory sequences include 
those that direct constitutive expression of a nucleotide sequence in many types of host cell and 

20 those that direct expression of the nucleotide sequence only in certain host cells (e.g., 

tissue-specific regulatory sequences). It will be appreciated by those skilled in the art that the 
design of the expression vector can depend on such factors as the choice of the host cell to be 
transformed, the level of expression of protein desired, etc. The expression vectors of the 
invention can be introduced into host cells to thereby produce proteins or peptides, including 

25 fusion proteins or peptides, encoded by nucleic acids as described herein (e.g., NOVX proteins, 
mutant forms of NOVX proteins, fusion proteins, etc.). 

The recombinant expression vectors of the invention can be designed for expression of 
NOVX proteins in prokaryotic or eukaryotic cells. For example, NOVX proteins can be 
expressed in bacterial cells such as Escherichia coli, insect cells (using baculovirus expression 

30 vectors) yeast cells or mammalian cells. Suitable host cells are discussed further in Goeddel, 

Gene Expression Technology: Methods in Enzymology 1 85, Academic Press, San Diego, 
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CaHf°(',990) Alternatively, «e recombinant express.cn vector can be transcribed and translated 
i„ vitro, for example using T7 promoter regulatory sequences and T7 polymerase. 

Expression of proteins in prokaryotes is most often carried o„, in Escherichia coli wrth 
vectors containing constitutive or induce promoters directing the expression of either taon or 
non-fusion protein, Fusion vectors add a number of amino acids to a protein encoded therem, 
usuaHy to the amino terminus of the recombinant protein. Such fusion vectors typically serve 
three purposes: (0 to increase expression of recombinant protein; («> to increase the solubthty of 
the recombinant protein; and («Q to aid in the purification of the recombinant protein by actmg 
as a ligand in affinity purification. Often, in fusion expression vectors, a proteolytic cleavage s,,e 
is introduced a, the junction of the fusion moiety and the recombinant protein to enable 
separation of the recombinant protein from the fusron moiety subsequent to purification of ft. 
fusion protein. Such enzymes, and their cognate recognition sequences, include Facto, Xa, 
thrombin and enterokinase. Typical fusion expression vectors include pOEX (Pharmacia Biotech 
inc- Smith and Johnson, 1988. Ge„e 67: 31-40), pMAL (New England Biolabs, Beverly, Mass.) 
and P RIT5 (Pharmacia, Piscataway, N.J.) that fuse glutathione S-transferase (GST), maltose E 
binding protein, or protein A, respectively, to the target recombinant protein. 

Examples of suitable inducible non-fusion E coli expression vectors include pTrc 
(Amrann a,., (1988) Gene 69:301-31 5) and pET 1 Id (Smdier e, al, Gene Express,™, 
Technology: Methods tn Enzymology 1 85, Academic Press, San Diego, Cahf. (1990) 



20 60-89). 



25 



30 



One strategy to maximize recombinant protein expression in E. coli is to express the 
protein in a host bacteria with an impaired capacity to proteolytic*!!, cleave the recombtnan. 
protem See, e.g., Gottesman, Gene Expression Technology: Methods tn Enzymology 185, 
Academic Press, San Diego, Calif. (1990) 119-128. Another strategy is to alter the nuclerc actd 
sequence of the nucleic acid to be inserted into an expression vector so mat the individual codons 
for each amino acid are those preferentially unfed in E. coli (see, e.g., Wada, e, al, 1992. 
Acid, Res. 20: 21 1 1-21 18). Such alteration of nucleic acid sequences of the invenuon can be 
carried out by standard DNA synthesis techniques. 

In another embodiment, the NOVX expression vector is a yeast expression vector. 
Examples of vectors for expression in yeast Saccharomyces ccrmsae include pYepSecl 
(Baldari, el al, 1987. EMBOJ. 6: 229-234), pMFa (Kurjan and Herskowitz, 1982. Cell 30: 
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933-943), pJRY88 (Schultz et al 9 1987. Gene 54: 1 13-123), pYES2 (Invitrogen Corporation, 
San Diego, Calif.), and picZ (InVitrogen Corp, San Diego, Calif.). 

Alternatively, NOVX can be expressed in insect cells using baculovirus expression 
vectors. Baculovirus vectors available for expression of proteins in cultured insect cells (e.g., 
5 SF9 cells) include the pAc series (Smith, et al. 9 1983. Mol Cell Biol 3: 2156-2165) and the pVL 
series (Lucklow and Summers, 1989. Virology 170: 31-39). 

In yet another embodiment, a nucleic acid of the invention is expressed in mammalian 
cells using a mammalian expression vector. Examples of mammalian expression vectors include 
pCDM8 (Seed, 1987. Nature 329: 840) and pMT2PC (Kaufman, et a/., 1987. EMBO 1 6: 

1 0 1 87-1 95). When used in mammalian cells, the expression vector's control functions are often 

provided by viral regulatory elements. For example, commonly used promoters are derived from 
polyoma, adenovirus 2, cytomegalovirus, and simian virus 40. For other suitable expression 
systems for both prokaryotic and eukaryotic cells see, e.g., Chapters 16 and 17 of Sambrook, et 
ah, Molecular Cloning: A Laboratory Manual. 2nd ed., Cold Spring Harbor Laboratory, 

1 5 Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N. Y., 1 989. 

In another embodiment, the recombinant mammalian expression vector is capable of 
directing expression of the nucleic acid preferentially in a particular cell type {e.g., tissue-specific 
regulatory elements are used to express the nucleic acid). Tissue-specific regulatory elements are 
known in the art. Non-limiting examples of suitable tissue-specific promoters include the 

20 albumin promoter (liver-specific; Pinkert, et al, 1987. Genes Dev. 1 : 268-277), 

lymphoid-specific promoters (Calame and Eaton, 1988. Adv. Immunol 43: 235-275), in 
particular promoters of T cell receptors (Winoto and Baltimore, 1989. EMBO J. 8: 729-733) and 
immunoglobulins (Banerji, et al, 1983. Cell 33: 729-740; Queen and Baltimore, 1983. Cell 33: 
741-748), neuron-specific promoters (e.g., the neurofilament promoter; Byrne and Ruddle, 1989. 

25 Proc. Natl Acad. Sci. USA 86: 5473-5477), pancreas-specific promoters (Edlund, et al, 19S5. 

Science 230: 912-916), and mammary gland-specific promoters (e.g., milk whey promoter; U.S. 
Pat. No. 4,873,316 and European Application Publication No. 264,166). Developmentally- 
regulated promoters are also encompassed, e.g., the murine hox promoters (Kessel and Gruss, 
1990. Science 249: 374-379) and the oc-fetoprotein promoter (Campes and Tilghman, 1989. 

30 Genes Dev. 3: 537-546). 

The invention further provides a recombinant expression vector comprising a DNA 
molecule of the invention cloned into the expression vector in an antisense orientation. That is, 
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theDNA molecule is opera.ively-.ta.cea ,o a regulatory sequence in a manner .ha, allows for ■ 
expression (by ascription of the DNA mo.ecule) of an RNA molecule ,ha. is antisense ,o 
NOVX mRNA. Regulatory sequences operative!, linked to a nucleic acid cloned m the 
antisense orientation can be chosen that direct the continuous expression of the antisense RNA 
mo.ecule in a variety of eel! types, for instance viral promoters and/or enhancers, or regulatory 
sequences can be chosen tha, direct constitutive, tissue specific or cell type specific expression of 
aruisense RNA. The antisense expression vector can be in the form of a recombinant p.asm,d, 
phagemid or attenuated virus in which antisense nucleic acids are produced urtder the control of a 
high efficiency regulatory region, the activity of which can be determined by the cell type rn.o 
which the vector is introduced. For a discussion of the regulation of gene expression ustng 
antisense genes see, e.g., Weintraub, e, "Antisense RNA as a molecular tool for genettc 
analysis," Reviews-Trends in Genetics, Vol. 1(0 1986- 

Another aspect of the invention pertains to host cells into which a recombinant 
expression vector of the invention has been introduced. The terms "host ceir and •'recombinant 
host ce.l» are used interchangeably herein. 1. is understood tha, such terms refer no. only to the 
particular subject ce.l bu, also .o .he progeny or potential progeny of such a cel.. Because certam 
modifications may occur in succeeding generations due to either mutation or environmental 
influences, such progeny may not, in fact, be identical to the parent cell, bu, are still included 
within the scope of the terra as used herein. 

A hos, eel, can be any prokaryotic or eukaryotic cell. For example, NOVX pro.ein can be 
expressed in bacterial cells such as B. ooU, insect cells, yeas, or mammalian cells (such as 
human, Chinese hamster ovary cells (CHO) or COS ceUs). Other suitable hos, cells are know, to 

those skilled in the art. 

Vector DNA can be introduced into prokaryotic or eukaryotic cells via conventional 
transformation or transfection techniques. As used herein, «e terms -transformation" and 
Wection- are intended to refer to a variety of art-recognized techniques for introducing 
foreign nucleic acid (e.g., DNA) into a hos. cell, including ca.cium phosphate or calcum 
chloride co-precipi,a.ion, DEAE-dextian-mediated transfection, lipofection, or eleCoporatton. 
Suitable methods for transforming or transfecting host cells can be found in Sambrook, e,al. 
(Molecular CLONING: A Laboratory MANUAL. 2nd ed., Cold Spring Harbor Laboratory, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., ,989), and other laboratory 
manuals. 
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For stable transfection of mammalian cells, it is known that, depending upon the 

expression vector and transfection technique used, only a small fraction of cells may integrate the 

foreign DNA into their genome. In order to identify and select these integrants, a gene that 

encodes a selectable marker (e.g., resistance to antibiotics) is generally introduced into the host 

5 cells along with the gene of interest. Various selectable markers include those that confer 

resistance to drugs, such as G418, hygromycin and methotrexate. Nucleic acid encoding a 

selectable marker can be introduced into a host cell on the same vector as that encoding NOVX 

or can be introduced on a separate vector. Cells stably transfected with the introduced nucleic 

acid can be identified by drug selection (e.g., cells that have incorporated the selectable marker 

10 gene will survive, while the other cells die). 

A host cell of the invention, such as a prokaryotic or eukaryotic host cell in culture, can 
be used to produce (i.e., express) NOVX protein. Accordingly, the invention further provides 
methods for producing NOVX protein using the host cells of the invention. In one embodiment, 
the method comprises culturing the host cell of invention (into which a recombinant expression 

15 vector encoding NOVX protein has been introduced) in a suitable medium such that NOVX 
protein is produced. In another embodiment, the method further comprises isolating NOVX 
protein from the medium or the host cell. 

Transgenic NOVX Animals 

20 The host cells of the invention can also be used to produce non-human transgenic 

animals. For example, in one embodiment, a host cell of the invention is a fertilized oocyte or an 
embryonic stem cell into which NOVX protein-coding sequences have been introduced. Such 
host cells can then be used to create non-human transgenic animals in which exogenous NOVX 
sequences have been introduced into their genome or homologous recombinant animals in which 

25 endogenous NOVX sequences have been altered. Such animals are useful for studying the 

function and/or activity of NOVX protein and for identifying and/or evaluating modulators of 
NOVX protein activity. As used herein, a "transgenic animal" is a non-human animal, preferably 
a mammal, more preferably a rodent such as a rat or mouse, in which one or more of the cells of 
the animal includes a transgene. Other examples of transgenic animals include non-human 

30 primates, sheep, dogs, cows, goats, chickens, amphibians, etc. A transgene is exogenous DNA 
that is integrated into the genome of a cell from which a transgenic animal develops and that 
remains in the genome of the mature animal, thereby directing the expression of an encoded gene 
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proT, in'one'or more cell types or .issues of the transgenic anima!. As used herein, a 
-homologous recombinant animal" is a non-human animal, preferabiy a mammal, more 
preferably a mouse, in which an endogenous NOVX gene has been altered by homologous 
recombination between the endogenous gene and an exogenous DNA molecule introduced mto a 
cell of the animal, ,g, an embryonic eel, of the animal, prior to development of the antma,. 

A transgenic animal of the invention can be created by introducing NOVX-encodtng 
nucleic acid into the male pronuclei of a fertilized oocyte (e.g., by microinjection, retrovtral 
infection) and allowing the oocyte to develop in a pseudopregnan, female foster annua.. 
Sciences including SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21,23 or 25 can be introduced 
as atransgene into the genome of a non-human animal. Alternatively, a non-human homologue 
of the human NOVX gene, such as a mouse NOVX gene, can be isolated based on hybriduation 
,o the human NOVX cDNA (described further supra) as a transgene. Intromc 

sequences and polyadenylation signal can also be included in the transgene to increase the 
efficiency of expression of the transgene. A tissue-specific regulatory seouence(s) can be 
operably-linked to the NOVX transgene to direct expression of NOVX protein to particular cells. 
Methods fo, generating transgenic animals via embryo manipulation and microinjection 
particularly animals such as mice, have become conventional in the art and are described, for 
example, in U.S. Paten, No, 4,736,866; 4,870,009; and 4,873,191; and Hogan, 1986. In: 
M~T,HO THE Mouse Embryo, Cold Spring Harbor Laboratory Press, Cold Spnng Harbor, 
N Y Similar methods are used for production of other transgenic animals. A transgenic founder 
anima! can be identified based upon the presence of the NOVX transgene in its genome anchor 
expression of NOVX mRNA in tissues or cells of the anima!, A transgenic founder ammal can 
then be used to breed additional animals carrying the transgene. Moreover, transgenic annuals 
carrying a transgene-encoding NOVX protein can further be bred to outer transgenic annuals 

carrying other transgenes. 

To create a homologous recombinant artimal, a vector is prepared which contams a, leas, 
a portion of a NOVX gene in,o which a deletion, addition or substitution has been introduced to 
thereby al,er, e.g., functionally dtsrupt, the NOVX gene. The NOVX gene can be a human gene 
(e g the DNA of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19,21, 23 or 25), but more 
0 preferably.isanon-hnmanhomologueofahumanNOVXgene. For example, a mouse 

homologue of human NOVX gene of SEQ IDNO: 1, 3, 5, 7, 9, 11, 13, 15, ,7, ,9, 21, 23 or 25 
can be used to construct a homologous recombination vector suitable for altering an endogenous 
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NOVX gene in the mouse genome. In one embodiment, the vector is designed such that, upon 

homologous recombination, the endogenous NOVX gene is functionally disrupted (i.e., no 
longer encodes a functional protein; also referred to as a "knock out" vector). 

Alternatively, the vector can be designed such that, upon homologous recombination, the 
5 endogenous NOVX gene is mutated or otherwise altered but still encodes functional protein (e.g., 
the upstream regulatory region can be altered to thereby alter the expression of the endogenous 
NOVX protein). In the homologous recombination vector, the altered portion of the NOVX gene 
is flanked at its 5'- and 3-termini by additional nucleic acid of the NOVX gene to allow for 
homologous recombination to occur between the exogenous NOVX gene carried by the vector 

10 and an endogenous NOVX gene in an embryonic stem cell. The additional flanking NOVX 
nucleic acid is of sufficient length for successful homologous recombination with the 
endogenous gene. Typically, several kilobases of flanking DNA (both at the 5'- and 3'-termini) 
are included in the vector. See, e.g., Thomas, et aL, 1987. Cell 51 : 503 for a description of 
homologous recombination vectors. The vector is ten introduced into an embryonic stem cell 

15 line (e.g., by electroporation) and cells in which the introduced NOVX gene has homologously- 
recombined with the endogenous NOVX gene are selected. See, e.g., Li, et al., 1992. Cell 69: 
915. 

The selected cells are then injected into a blastocyst of an animal (e.g., a mouse) to form 
aggregation chimeras. See, e.g., Bradley, 1987. In: Teratocarcinomas and Embryonic Stem 

20 Cells: A Practical Approach, Robertson, ed. IRL, Oxford, pp. 1 13-152. A chimeric embryo 
can then be implanted into a suitable pseudopregnant female foster animal and the embryo 
brought to term. Progeny harboring the homologously-recombined DNA in their germ cells can 
be used to breed animals in which all cells of the animal contain the homologously-recombined 
DNA by germline transmission of the transgene. Methods for constructing homologous 

25 recombination vectors and homologous recombinant animals are described further in Bradley, 
1991. Curr. Opin. Biotechnol 2: 823-829; PCT International Publication Nos.: WO 90/11354; 
WO 91/01 140; WO 92/0968; and WO 93/04169. 

In another embodiment, transgenic non-humans animals can be produced that contain 
selected systems that allow for regulated expression of the transgene. One example of such a 

30 system is the cre/loxP recombinase system of bacteriophage PI . For a description of the cre/loxP 
recombinase system, See, e.g., Lakso, et aL, 1992. Proc. Natl Acad, ScL USA 89: 6232-6236. 
Another example of a recombinase system is the FLP recombinase system of Saccharomyces 
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J" ™ O'Corman, , at, 199, . Sctence M,:,*!-.**. .f a cre/loxP recourse • 
system is used to regulate expression of the transgene, animals containing transgenes encodmg 
both the Cre reeombinase and a selected protein are required. Such animals can be provtded 
through the construction of "double" transgenic animals, ,g., by mating two transgenic ammals, 
one containing a transgene encoding a selected protein and the other containing a transgene 

encoding a reeombinase. 

Clones of the non-human transgenic animals described herein can also be produced 
according to the methods described in Wilmut, e, a,, 1997. Havre 385: 810-813. In brief, a cell 
( . , a somatic cell) from the transgenic animal can be isolated and induced to exit the growth 
cycle and enter G„ phase. The quiescent ceil can then be firsed, , g , through the use of electrical 
pu-ses to an enucleated oocyte from an animal of the same species from which the quiescent cell 
is isolated The reconstructed oocyte is then cultured such that it develops to morula or 
blastocyte and men transferred to pseudopregnant female foster animal. The offspring borne of 
this female foster animal will be a clone of the animal from which the eel, (e. S , the somatrc cell) 
is isolated. 

Pharmaceutical Compositions 

The NOVX nucleic acid molecules, NOVX proteins, and anti-NOVX antibod.es (also 
referred to herein as "active compounds") of the invention, and derivatives, fragments, analogs 
and homoiogs thereof, can be incorporated into pharmaceutical compositions suttable for 
administration. Such compositions typically comprise the nucleic acid molecule, protetn, or 
antibody and a pharmaceutical.y acceptable carrier. As used herein, "pharmaceutic 
acceptable carrier" is intended to include any and all solvents, dispersion media, coatmgs, 
antibacterial and antifungal agents, isotonic and absorption delaying agents, and the take, 
compatible with pharmaceutical administration. Suitable carriers are described m the most 
recent edition of Remington's Pharmaceutical Sciences, a standard reference text in the field, 
which is incorporated herein by reference. Preferred examples of such carriers or drluents 
include, bu, axe no. limited to, water, saline, finger's solutions, dextrose solution, and 5% human 
serum albumin. Liposomes and non-aqueous vehicles such as fixed oils may also be used. The 
use of such media and agents for pharmaceutical* active substances is well known m the art. 
Except insofar as any conventional media or agent is incompatible with the active compound, use 
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tliereof in the compositions is contemplated. Supplementary active compounds can also be 

incorporated into the compositions. 

The antibodies disclosed herein can also be formulated as immunoliposomes. 

Liposomes containing the antibody are prepared by methods known in the art, such as described 

5 in Epstein et aL, Proc. Natl. Acad. Sci. USA, 82: 3688 (1985); Hwang et al., Proc. Natl Acad. 

Sci. USA, 77: 4030 (1980); and U.S. Pat. Nos. 4,485,045 and 4,544,545. Liposomes with 

enhanced circulation time are disclosed in U.S. Patent No. 5,013,556. 

Particularly useful liposomes can be generated by the reverse-phase evaporation method 

with a lipid composition comprising phosphatidylcholine, cholesterol, and PEG-derivatized 

10 phosphatidylethanolamine (PEG-PE). Liposomes are extruded through filters of defined pore 
size to yield liposomes with the desired diameter. Fab' fragments of the antibody of the present 
invention can be conjugated to the liposomes as described in Martin et al J. Biol. Chem., 257: 
286-288 (1982) via a disulfide-interchange reaction. A chemotherapeutic agent (such as 
Doxorubicin) is optionally contained within the liposome. See Gabizon et al., J. National Cancer 

15 Inst, 81(19): 1484 (1989). 

A pharmaceutical composition of the invention is formulated to be compatible with its 
intended route of administration. Examples of routes of administration include parenteral, e.g., 
intravenous, intradermal, subcutaneous, oral (e.g., inhalation), transdermal (i.e., topical), 
transmucosal, and rectal administration. Solutions or suspensions used for parenteral, 

20 intradermal, or subcutaneous application can include the following components: a sterile diluent 
such as water for injection, saline solution, fixed oils, polyethylene glycols, glycerine, propylene 
glycol or other synthetic solvents; antibacterial agents such as benzyl alcohol or methyl parabens; 
antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as 
ethylenediaminetetraacetic acid (EDTA); buffers such as acetates, citrates or phosphates, and 

25 agents for the adjustment of tonicity such as sodium chloride or dextrose. The pH can be 

adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide. The parenteral 
preparation can be enclosed in ampoules, disposable syringes or multiple dose vials made of 
glass or plastic. 

Pharmaceutical compositions suitable for injectable use include sterile aqueous solutions 
30 (where water soluble) or dispersions and sterile powders for the extemporaneous preparation of 
sterile injectable solutions or dispersion. For intravenous administration, suitable carriers include 
physiological saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany, N.J.) or 
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WO 01/051632 . K P sterile and should be 

, ,• mnQ^ in all cases the composition must oe sxenie cum 
nhosohate buffered saline (PBS). In an cases,, u* f 

phosphate staWe ^ ^ condltlons 0 f 

fluid to the extent that easy synngeability exists, am 

«old particle size in the case of dispersion and by the use of surfactants. Preventio * 

it will be preferable to include isotonic agents, for example, sugars, poly 

Ltd sodium chloride in the composition. Prolonged absorption of the miec ab e 

absorption, for example, aluminum monostearate and gelatin. 

Sterile injectable solutions can be prepared by incorporating the active compoun 

H N OVX antibody) in Ore reouired amount in an appropriate solvent with 
NOVX protein or anti-NOVX antiooay in 

one or a combination of ingredients enumerated above, as recurred, followed by ffltere 
ILion. Generally, dispersions are prepared by incorporating the active compoun d a 

to active ingredient plus any additional desired ingredient from a prevrously s,er,.e-f,..ered 

solution thereof . Thevcanbe 
Oral compositions generally include an inert diluent or an edrble came . IHey can 

.Hi„.o tablets For the purpose of oral therapeutic 

expectorated or swallowed. Pharmaceutical* compa,ib,e binding agents, an*or ad,u ant 
II is canbe included aspartofthe composition. Tnetablets, 

as microcrystalline cellulose, gum tragacanth o, gelatin; an excipien. such as starch or lactose, 
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disintegrating agent such as alginic acid, Primogel, or corn starch; a lubricant such as magnesium 
stearate or Sterotes; a glidant such as colloidal silicon dioxide; a sweetening agent such as 
sucrose or saccharin; or a flavoring agent such as peppermint, methyl salicylate, or orange 
flavoring. 

5 For administration by inhalation, the compounds are delivered in the form of an aerosol 

spray from pressured container or dispenser which contains a suitable propellant, e.g., a gas such 

as carbon dioxide, or a nebulizer. 

Systemic administration can also be by transmucosal or transdermal means. For 

transmucosal or transdermal administration, penetrants appropriate to the barrier to be permeated 
10 are used in the formulation. Such penetrants are generally known in the art, and include, for 

example, for transmucosal administration, detergents, bile salts, and fusidic acid derivatives. 

Transmucosal administration can be accomplished through the use of nasal sprays or 

suppositories. For transdermal administration, the active compounds are formulated into 

ointments, salves, gels, or creams as generally known in the art. 
15 The compounds can also be prepared in the form of suppositories {e.g., with conventional 

suppository bases such as cocoa butter and other glycerides) or retention enemas for rectal 

delivery. 

In one embodiment, the active compounds are prepared with carriers that will protect the 
compound against rapid elimination from the body, such as a controlled release formulation, 

20 including implants and microencapsulated delivery systems. Biodegradable, biocompatible 
polymers can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, 
collagen, polyorthoesters, and polylactic acid. Methods for preparation of such formulations will 
be apparent to those skilled in the art. The materials can also be obtained commercially from 
Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal suspensions (including liposomes 

25 targeted to infected cells with monoclonal antibodies to viral antigens) can also be used as 

pharmaceutically acceptable carriers. These can be prepared according to methods known to 
those skilled in the art, for example, as described in U.S. Patent No. 4,522,81 1. 

It is especially advantageous to formulate oral or parenteral compositions in dosage unit 
form for ease of administration and uniformity of dosage. Dosage unit form as used herein refers 

30 to physically discrete units suited as unitary dosages for the subject to be treated; each unit 
containing a predetermined quantity of active compound calculated to produce the desired 
therapeutic effect in association with the required pharmaceutical carrier. The specification for 
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charac.eris.ics of .he active compound and me particular titerapeutic effect ,o be ach,eved, and 
tire limitations inherent in .he art of compounding such an active compound for tire — of 

individuals. 

The nucleic acid molecules of.be inven.ion can be inserted in.o vectors and used as gene 
tberapy vectors. Gene .herapy vectors can be delivered .o a subjec. by, for example, in- 
fection, local admini,,a.io„ (see, e.g., U.S. PatentNo. 5,328,470) or by stereotactic in.ecor, 
{see e g Chen, e, al, 1994. Proc. Na„. Aca d . Sc, USA 91: 3054-3057). The pharmaceutical 
preparation of the gene therapy veCor can include the gene therapy vector in an acceptable 
diluent, or can comprise a slow release matrix in which the gene delivery vehicle rs tmbedded. 
Alternative*, where the compete g ene delivery vector can be produced intact from r— an, 
cells, e.g., retrovira! vectors, me pharmaceu.ica. preparation can include one or more cells .ha. 

produce the gene delivery system. 

Anybodies specific^ binding a pro,ein of me invention, as well as ourer molecules 
identified by me screening assays disclosed herein, can be administered for the 
various disorders in .he form of pharmaceutical compositions. Principles and considerations 
i„vo,ved in preparing such compositions, as we,l as guidance in the choice of components are 
provided, for example, in Remington : The Science And Practice Of Pharmacy 19.H ed. (Alfo so 
R G ennaro,e,a,.,editors)Mac k Pub.Co,Easto„,Pa. : 1995; Drug Absorption Enhancement : 
Concepts, Possibilities, Limitations, And Trends, Harwood Academic Publishers, Langhorne, 
Pa 1994- and Peptide And Protein Drug Delivery (Advances In Parenteral Sciences, Vol. 4), 
,99, M Dekker, New York. If the antigenic protein is intraceHul* arrd whole antibodies are 
„sed*as inmbitors, internalizing antibodies are preferred. However, liposomes can also be used 
to deliver me antibody, or an antibody fragment, into cells. Where antibody fragments are used, 
the smallest inhibitory fragmen. that specifically binds to 4c binding domain of the targe, 
protein is preferred. For example, based upon me variable-region sequences of an antibody, 
peptide mo,ecu,es can be designed that retain me ability to bind the urge, protein sequence. 
Such peptides can be synthesized chemically arrd/or produced by recombinant DNA technology. 
See , g., Marasco .993^ . W »t ^,90:7889-7893. The formulation 
, herein can also contain more man one active compound as necessary for *e par.icu.ar ,ndrca«o„ 
beta- treated, preferably .hose wim complementary activities mat do no, adversely affect each 
other. Alternatively, or in addition, me composition « comprise an agen. mat enhances ,.s 
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function, such as, for example, a cytotoxic agent, cytokine, chemotherapeutic agent, or growth- 
inhibitory agent. Such molecules are suitably present in combination in amounts that are 
effective for the purpose intended. The active ingredients can also be entrapped in microcapsules 
prepared, for example, by coacervation techniques or by interfacial polymerization, for example, 
5 hydroxymethylcellulose or gelatin-microcapsules and poly-(methylmethacrylate) microcapsules, 
respectively, in colloidal drug delivery systems (for example, liposomes, albumin microspheres, 
microemulsions, nano-particles, and nanocapsules) or in macroemulsions. 

The formulations to be used for iv vivo administration must be sterile. This is readily 
accomplished by filtration through sterile filtration membranes. 

10 Sustained-release preparations can be prepared. Suitable examples of sustained-release 

preparations include semipermeable matrices of solid hydrophobic polymers containing the 
antibody, which matrices are in the form of shaped articles, e.g., films, or microcapsules. 
Examples of sustained-release matrices include polyesters, hydrogels (for example, poly(2- 
hydroxyethyl-methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919), 

1 5 copolymers of L-glutamic acid and ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, 
degradable lactic acid-gly colic acid copolymers such as the LUPRON DEPOT ™ (injectable 
microspheres composed of lactic acid-glycolic acid copolymer and leuprolide acetate), and poly- 
D-(-)-3-hydroxybutyric acid. While polymers such as ethylene-vinyl acetate and lactic acid- 
glycolic acid enable release of molecules for over 100 days, certain hydrogels release proteins for 

20 shorter time periods. 

The pharmaceutical compositions can be included in a container, pack, or dispenser 
together with instructions for administration. 

Screening and Detection Methods 

25 The isolated nucleic acid molecules of the invention can be used to express NOVX 

protein (e.g., via a recombinant expression vector in a host cell in gene therapy applications), to 
detect NOVX mRNA (e.g., in a biological sample) or a genetic lesion in a NOVX gene, and to 
modulate NOVX activity, as described further, below. In addition, the NOVX proteins can be 
used to screen drugs or compounds that modulate the NOVX protein activity or expression as 

30 well as to treat disorders characterized by insufficient or excessive production of NOVX protein 
or production of NOVX protein forms that have decreased or aberrant activity compared to 
NOVX wild-type protein. In addition, the anti-NOVX antibodies of the invention can be used to 
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includes growth and differentiation, antibody production, and tumor growth. 

The invention further pertains to novel agents identified by the screening assays descnbed 
herein and uses thereof for treatments as described, supra. 
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Screening Assays 

The invention provides a method (also referred ,0 herein as a "screenmg assay ) for 
identifying modulators, i.e., candidate or test compounds or agents {e.g., pepttdes, 
peptidomimetics, smaH ***** or other drugs) that bind to NOVX proteins or have a 
stimulatory or inhibitory effect on, e.g., NOVX protein expression or NOVX protern acttvty. 
The invention also includes compounds identified in the screening assays described hereu, 

,n one embodiment, the invention provides assays for screening candidate or test 
compounds which bind to or modulate the activity of the membrane-bound form of aNOVX 
protein or po,ype P ,ide or biologically-active portion thereof. The test compounds of the 
invention can be obtained using any of the numerous approaches in combinatonal hbrary 
methods known in the art, induding: biological hbraries; spatia>.y addressable parallel sohd 
phase or solution phase libraries; synthetic library methods requiring deconvolutron; the 
-one-bead one-compound" library method; and synthetic hbrary methods using affnuty 
chromatography section. The biological library approach is .imited to peptide libranes, whtle 
the other four approaches are applicable to peptide, non-peptide oligomer or small molecule 
libraries of compounds. See. e.g., Lam, VM . Anticancer Drug Design 12: 145. 

A -small molecule" as used herein, is meant to refer to a composition mat has a molecular 
weigh, of less than about 5 kD and most preferably less man about 4 kD. Small 
he . g., nucleic acids, peptides, polypeptides, peptidomimetics, carbohydrates, lipids or other 
organic or inorganic molecules. Libraries of chemica, and/or biologica, mixmres, such as togal, 
bacteria,, or alga. extracts, are known in the art and can be screened with any of the assays of the 

invention. f 
Examples of methods for the synthesis of molecular libraries can be found m the art, 

, TIL, Se, U.S., 9>: U422; Zuckermann, „„, ,994., Med. Cne m . »-™°°-«* 
,oo 3 science 26, : ,303; Carre,,, e, al, ,994. Ang». C*e m . In, Ed Engl 33: 2059; Care,,, e, 
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al, 1994. Angew. Chem. Int. Ed. Engl 33: 2061; and Gallop, et al., 1994. J. Med Chem. 37: 

1233. 

Libraries of compounds may be presented in solution {e.g., Houghten, 1992. 
Biotechniques 13: 412-421), or on beads (Lam, 1991. Nature 354: 82-84), on chips (Fodor, 1993. 
5 Nature 364: 555-556), bacteria (Ladner, U.S. Patent No. 5,223,409), spores (Ladner, U.S. Patent 
5,233,409), plasmids (Cull, et al, 1992. Proc. Natl. Acad. ScL USA 89: 1865-1869) or on phage 
(Scott and Smith, 1990. Science 249: 386-390; Devlin, 1990. Science 249: 404-406; Cwirla, et 
al, 1990. Proc. Natl Acad Set U.S.A. 87: 6378-6382; Felici, 1991. J. Mol Biol 222: 301-310; 
Ladner, U.S. Patent No. 5,233,409.). 

1 0 In one embodiment, an assay is a cell-based assay in which a cell which expresses a 

membrane-bound form of NOVX protein, or a biologically-active portion thereof, on the cell 
surface is contacted with a test compound and the ability of the test compound to bind to a 
NOVX protein determined. The cell, for example, can be of mammalian origin or a yeast cell. 
Determining the ability of the test compound to bind to the NOVX protein can be accomplished, 

1 5 for example, by coupling the test compound with a radioisotope or enzymatic label such that 

binding of the test compound to the NOVX protein or biologically-active portion thereof can be 
determined by detecting the labeled compound in a complex. For example, test compounds can 
be labeled with 125 I, 35 S, l4 C, or 3 H, either directly or indirectly, and the radioisotope detected by 
direct counting of radioemission or by scintillation counting. Alternatively, test compounds can 

20 be enzymatically-labeled with, for example, horseradish peroxidase, alkaline phosphatase, or 
luciferase, and the enzymatic label detected by determination of conversion of an appropriate 
substrate to product. In one embodiment, the assay comprises contacting a cell which expresses 
a membrane-bound form of NOVX protein, or a biologically-active portion thereof, on the cell 
surface with a known compound which binds NOVX to form an assay mixture, contacting the 

25 assay mixture with a test compound, and determining the ability of the test compound to interact 
with a NOVX protein, wherein determining the ability of the test compound to interact with a 
NOVX protein comprises determining the ability of the test compound to preferentially bind to 
NOVX protein or a biologically-active portion thereof as compared to the known compound. 
In another embodiment, an assay is a cell-based assay comprising contacting a cell 

30 expressing a membrane-bound form of NOVX protein, or a biologically-active portion thereof, 
on the cell surface with a test compound and determining the ability of the test compound to 
modulate (e.g., stimulate or inhibit) the activity of the NOVX protein or biologically-active 
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rabiologically-active^^^ 

*W of NOVX protein to bind ,o or interact with aNOVX targe, molecme. As used ere.n, 
a -targe, mCecu.e" is a molecule wiU, which aNOVX protein binds or interacts in nature, for 
example, a molecule on the surface of a ceU which expresses a NOVX interacting protein a 

associated with .he internal surface of a cell membrane or a cytoplasm, molec*. A NOVX 
target molecnie can be a non-NOVX molecule or a NOVX protein or po,ypep«,de of the 

atbway tha, faciiitates transduction of an exttaceiluiar signal (, g . a signal generated by buidmg 
£ compound to a membrane-bound NOVX mo.ecuie) through He ceil membrane and ,n,o the 

protein that faciHtates the association of downstream signaling molecules with NO^X. 

Determining the ability of the NOVX protein to bind to or interact with aNOVX tar 
molecule can be accomplished by one of the methods described above for determine direct 

^ aNOVX target molecule can be accomplished by determining the activity of t e targe, 
molecule. For example, the activity of the targe, molecule can be determined by detecting 
Lction of a cellular second messenger of the target (,,. intraceUu.ar Ca-, diacylglycerol, P 3 , 
^L^cataiy,— a,,cac,ivi V of te targe,ana P prop n a,esubs,ra,e,de K c,ut g .e 
ndLonofareponergeneCcomprisingaNOV^-responsivereguiatoryeiementopera^ 
link ed to a nucieic acid encoding a de.ec.ble marxer, , S ., luciferase), or detecting a ceHuiar 
response, for example, ceU survival, cellular differentiation, or cell proliferate 

,n yet another embodiment, an assay of the invention is a ceil-free assay comprising 

; con,ac,ing aNOVX protein or biologically-active portion thereof with a test compoun and 
, contacting a f h hind to the NOVX protein or biologically-active 

determining the ability of the test compound to bmd to the NOV p 

portion thereof. Binding of the test compound to the NOVX protein can be determined either 
directly or indirect,, as described above. In one such embodiment, the assay 
contacting the NOVX protein or bio.ogically-active portion thereof with a Known compound 
0 which binds NOVX to form an assay mixture, contacting the assay mixture w «h a te* 

compound, and determining the ability of the test compound ,o in.erac, with a NOVX protein, 
II d teimining the ability of the tes, compound ,o in,erac, with a NOVX protein comprises 



112 



W O 01/051632 PCT/US01/01513 
determining the ability of the test compound to preferentially bind to NOVX or biologically- 
active portion thereof as compared to the known compound. 

In still another embodiment, an assay is a cell-free assay comprising contacting NOVX 
protein or biologically-active portion thereof with a test compound and determining the ability of 
5 the test compound to modulate {e.g. stimulate or inhibit) the activity of the NOVX protein or 

biologically-active portion thereof. Determining the ability of the test compound to modulate the 
activity of NOVX can be accomplished, for example, by determining the ability of the NOVX 
protein to bind to a NOVX target molecule by one of the methods described above for 
determining direct binding. In an alternative embodiment, determining the ability of the test 
1 0 compound to modulate the activity of NOVX protein can be accomplished by determining the 
ability of the NOVX protein further modulate a NOVX target molecule. For example, the 
catalytic/enzymatic activity of the target molecule on an appropriate substrate can be determined 
as described above. 

In yet another embodiment, the cell-free assay comprises contacting the NOVX protein or 

1 5 biologically-active portion thereof with a known compound which binds NOVX protein to form 
an assay mixture, contacting the assay mixture with a test compound, and determining the ability 
of the test compound to interact with a NOVX protein, wherein determining the ability of the test 
compound to interact with a NOVX protein comprises determining the ability of the NOVX 
protein to preferentially bind to or modulate the activity of a NOVX target molecule. 

20 The cell-free assays of the invention are amenable to use of both the soluble form or the 

membrane-bound form of NOVX protein. In the case of cell-free assays comprising the 
membrane-bound form of NOVX protein, it may be desirable to utilize a solubilizing agent such 
that the membrane-bound form of NOVX protein is maintained in solution. Examples of such 
solubilizing agents include non-ionic detergents such as n-octylglucoside, n-dodecylglucoside, 

25 n-dodecylmaltoside, octanoyl-N-methylglucamide, decanoyl-N-methylglucamide, Triton® 
X-100, Triton® X-l 14, Thesit®, Isotridecypoly (ethylene glycol ether) ns N-dodecyl- 
N,N-dimethyl-3-ammonio-l -propane sulfonate, 3-(3-cholamidopropyl) dimethylamminiol- 
1 -propane sulfonate (CHAPS), or 3-(3-cholamidopropyl)dimethylamminiol-2-hydroxy- 
1 -propane sulfonate (CHAPSO). 

30 In more than one embodiment of the above assay methods of the invention, it may be 

desirable to immobilize either NOVX protein or its target molecule to facilitate separation of 
complexed from uncomplexed forms of one or both of the proteins, as well as to accommodate 
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WO (>1«I5K.J2 . tate[action of NOVX 

automation of <he assay. Binding of a test compound to NOVX protein, or inte 

protein with a target module in the presence and absence of a candidate compound, can be 
accomplished in any vessel suitable for containing the reactants. Examples of such vessels 
include microtiter p,a,es, test tubes, and micro-centrifuge tubes. !n one embodiment, a toon 
protein can be provided that adds a domain that aUows one or both of me proteins ,o be bound to 
a matrix For example, GST-NOVX fusion proteins or GST-targe. fusion proteins can be 
adsorbed onto g.uta,hione sepharose beads (Sigma Chemieai, S, Louis, MO) or glutathione 
derivatized microtiter plates, mat are men combined with the test compound or the test 
compound and either the non-adsorbed target protetn or NOVX protein, and the mixture » 
incubated under conditions conducive to complex formation (, g „ a, physiological cond.tions for 
sal, and P H). Following incubation, the beads or microtiter p.ate wells are washed to remove any 
unbound components, the matrix immobiiized in ft. case of beads, complex determined etther 
directly or indirectly, for example, as described, supra, Alternatively, me complexes can be 
dissociated from the matrix, and the level of NOVX protein binding or activity de.erm.ned usmg 
standard techniques. 

Other technim.es for immobilizing proteins on matrices can also be used tn the screenmg 
assays of the invention. For example, either theNOVX protein or its targe, molecule can be 
immobilized utilizing conjugation of bio.in and streptavidin. Bio.inylated NOVX protein or 
target molecules can be prepared from biotin-NHS (N-hydroxy-succinimid.) using techmcmes 
weU-known within the an (,*., biotinylation kit, Pierce Chemicals, Rockford, 111.), and 
immobihzed in the wells of streptavidin-eoated 96 well plates (Pierce Chemical,. Alternately, 
antibodies reactive with NOVX protein or ,a,ge, molecules, but which do no, interfere w.th 
binding of ,he NOVX protein to its targe, molecule, can be derivatized to the we»s of tire plat, 
and unbound target or NOVX protein trapped in the weils by antibody conjugation. Methods for 
detecting such compiexes, in addition ,o ftose described above for the OST-immobilized 
complexes, inchtde immunodetection of complexes using antibodies reactive w.,h the NOVX 
protein or target molecule, as wel, as enzyme-linked assays that rely on detecting an enzymattc 
activity associated with the NOVX protein or target molecule. 

,n another embodiment, modulators of NOVX protein expression are identified ,n a 
0 method wherein a cell is contacted with a candidate compound and the expression of NOVX 
mRNA or protein in the cel. is determined. The levei of expression of NOVX tnRNA or protem 
in the presence of the candidate compound is compared to the level of expression of NOVX 
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mRNA or protein in the absence of the candidate compound. The candidate compound can then 
be identified as a modulator of NOVX mRNA or protein expression based upon this comparison. 
For example, when expression of NOVX mRNA or protein is greater (i.e., statistically 
significantly greater) in the presence of the candidate compound than in its absence, the 
5 candidate compound is identified as a stimulator of NOVX mRNA or protein expression. 

Alternatively, when expression of NOVX mRNA or protein is less (statistically significantly 
less) in the presence of the candidate compound than in its absence, the candidate compound is 
identified as an inhibitor of NOVX mRNA or protein expression. The level of NOVX mRNA or 
protein expression in the cells can be determined by methods described herein for detecting 

1 0 NOVX mRNA or protein. 

In yet another aspect of the invention, the NOVX proteins can be used as "bait proteins" 
in a two-hybrid assay or three hybrid assay (see, e.g., U.S. Patent No. 5,283,317; Zervos, et al. 9 
1993. Cell 72: 223-232; Madura, et aL, 1993. J. Biol. Chem. 268: 12046-12054; Battel, et aL 9 
1993. Biotechniques 14: 920-924; Iwabuchi, et aL, 1993. Oncogene 8: 1693-1696; and Brent 

1 5 WO 94/1 0300), to identify other proteins that bind to or interact with NOVX ("NOVX-binding 
proteins" or M NOVX-bp M ) and modulate NOVX activity. Such NOVX-binding proteins are also 
likely to be involved in the propagation of signals by the NOVX proteins as, for example, 
upstream or downstream elements of the NOVX pathway. 

The two-hybrid system is based on the modular nature of most transcription factors, 

20 which consist of separable DNA-binding and activation domains. Briefly, the assay utilizes two 
different DNA constructs. In one construct, the gene that codes for NOVX is fused to a gene 
encoding the DNA binding domain of a known transcription factor (e.g., GAL-4). In the other 
construct, a DNA sequence, from a library of DNA sequences, that encodes an unidentified 
protein ("prey" or "sample") is fused to a gene that codes for the activation domain of the known 

25 transcription factor. If the "bait" and the "prey" proteins are able to interact, in vivo, forming a 
NOVX-dependent complex, the DNA-binding and activation domains of the transcription factor 
are brought into close proximity. This proximity allows transcription of a reporter gene (e.g., 
LacZ) that is operably linked to a transcriptional regulatory site responsive to the transcription 
factor. Expression of the reporter gene can be detected and cell colonies containing the 

30 functional transcription factor can be isolated and used to obtain the cloned gene that encodes the 
protein which interacts with NOVX. 
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The invention further pertains to novel agents identified by the aforementioned screening 
assays and uses thereof for treatments as described herein. 
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Detection Assays 

Portions or foments of fine cDNA sequences identified herein (and ft. correspond,^ 
complete gene sequences) can be used in numerous ways as polynucleotide reagents. By way of 
example, and not of taitation, these sequences can be used to: (0 identify an individual from a 
minute biological samp,e (tissue typing); and 00 aid in forensic identification of a bioiogtcal 
sample. Some of these applications are described in the subsections, below. 

Tissue Typing 

The NOVX sequences of the invention can be used to identify individuals from mmute 
biological sample, In this technique, „ individual's genomic DNA is digested with one or more 
restriction enzymes, and probed on a Southern Hot to yield unique bands for identificatton. The 
sequences of the invention are usefu. as additional DNA markers for RFLP Crestrictton fiagmen, 
length polymorphisms," described in U.S. Patent No. 5,272,057). 

Furthermore, the sequences of the invention can be used to provide an alternate 
technique tha, determines the actual base-by-base DNA sequence of selected portions of an 
individual's genome. Thus, the NOVX sequences described herein can be used to prepare two 
PGR primers from the 5'- and termini of the sequences. These primers can then be used to 
amplify an individual's DNA and subsequently sequence it. 

Panels of corresponding DNA sequences from individuals, prepared in this manner, can 
provide unique individual identifications, as each individual will have a unique se, of such DN A 
sequences due to aUdic differences. The sequences of the invention can be used to obtain such 
identification sequences from individuals and from tissue. The NOVX sequences of the 
invention uniquely represent portions of the human genome. AHeiic variation occurs to some 
degree in the coding regions of these sequences, and to a greater degree in the noncodmg regions. 
„ is estirnatedtha, allelic variation between individual humans occurs with a frequency of about 
once per each 500 bases. Much of the allelic variation is due to single nucleotide polymorphs 
(SNPs) which include restriction fragment length polymorphisms (RFLPs). 

Each of the sequences described herein can, to some degree, be used as a standard agamst 
which DNA from an individual can be compared for identification purpose, Because greater 
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numbers of polymorphisms occur in the noncoding regions, fewer sequences are necessary to 
differentiate individuals. The noncoding sequences can comfortably provide positive individual 
identification with a panel of perhaps 10 to 1,000 primers that each yield a noncoding amplified 
sequence of 100 bases. If predicted coding sequences, such as those in SEQ ID NO: 1,3,5, 7, 9, 
5 11, 13, 15, 17, 19, 21, 23 or 25 are used, amore appropriate number of primers for positive 
individual identification would be 500-2,000. 



Predictive Medicine 

The invention also pertains to the field of predictive medicine in which diagnostic assays, 

10 prognostic assays, pharmacogenomics, and monitoring clinical trials are used for prognostic 

(predictive) purposes to thereby treat an individual prophylactically. Accordingly, one aspect of 
the invention relates to diagnostic assays for determining NOVX protein and/or nucleic acid 
expression as well as NOVX activity, in the context of a biological sample (e.g., blood, serum, 
cells, tissue) to thereby determine whether an individual is afflicted with a disease or disorder, or 

15 is at risk of developing a disorder, associated with aberrant NOVX expression or activity. 

Disorders associated with aberrant NOVX expression of activity include, for example, disorders 
of olfactory loss, e.g. trauma, HIV illness, neoplastic growth, and neurological disorders, e.g. 
Parkinson's disease and Alzheimer's disease. 

The invention also provides for prognostic (or predictive) assays for determining whether 

20 an individual is at risk of developing a disorder associated with NOVX protein, nucleic acid 

expression or activity. For example, mutations in a NOVX gene can be assayed in a biological 
sample. Such assays can be used for prognostic or predictive purpose to thereby prophylactically 
treat an individual prior to the onset of a disorder characterized by or associated with NOVX 
protein, nucleic acid expression, or biological activity. 

25 Another aspect of the invention provides methods for determining NOVX protein, nucleic 

acid expression or activity in an individual to thereby select appropriate therapeutic or 
prophylactic agents for that individual (referred to herein as "pharmacogenomics"). 
Pharmacogenomics allows for the selection of agents (e.g., drugs) for therapeutic or prophylactic 
treatment of an individual based on the genotype of the individual (e.g., the genotype of the 

30 individual examined to determine the ability of the individual to respond to a particular agent.) 

Yet another aspect of the invention pertains to monitoring the influence of agents (e.g., 
drugs, compounds) on the expression or activity of NOVX in clinical trials. 
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WO ThlseL other agents are described in father detai. in the following sections. 



An exe.np.ar, method for detecting the presence or absence of NOVX in a biological 
sam p,e involves obtaining a bioiogica, sample from a test subject and contacting tite brologtca, 

mKNA, genomic DNA) that encodes NOVX protem such tha, the presence of NOVX s de ted 
in me biological sample. An agent for detecting NOVX mKNA or genomic DNA ,s a labeled 

probe can be, for exampie, a fuil-.ength NOVX nucleic acid, such as the nuclerc a d of SEQ ID 
KO , 3 5 7 9 , U , 1 3, 1 5,17, 1 9,2 1 ,23or2 5 ,orap„r,io„,hereof,suchasanoU g onuc 1 eo, 1 de 

of a, least 15, 30, 50, !00, 250 or 500 nucleotides in length and sufficient ,0 specifically 
hybridize under stringent conditions to NOVX mRNA or genomic DNA. Other suitable probes 
for use in the diagnostic assays of the invention are described hereu, 

One agent for detecting NOVX protein is an antibody capable of tandmg to NOVX 
protein, preferaMy an antibody ^ a detectable ,abel. Antibodies directed against a protem of 
Linvllnmaybeu.edinmen.ods^^narearire.aungtothe.ocah.t.onan^ 

Citation of the protein (e.g., for use in measuring levels of the protein withmappropn, 
physiologica! samples, for use in diagnostic methods, for use in imaging the protem, arrd the 
Z .n a given embodiment, antibodies against *e proteins, or derivatives, fragments, analogs 
or homologs thereof, that contain the antigen binding domain, are utrlrzed as 
Dharmacologically-active compounds. 

An libody specific for aprotein of the invention can be used to isolate the protetn y 
stan dard techniques, such as immvmoaffinity chromatography or —precipitation. Such an 
mti body cart facilitate the purification of the natural protein antigen from cells and of 
recombUproducedantigen expressedinhos.ee,, Moreover, 

to detect the antigenic protein (e.g., ,n a ce,lu,ar lysate or cell supernatant) ,n order to eva,^ 
me abundance and pattern of expression of the antigenic protein. Antibodies dtrected ag^t the 
protein can be used diagnostic^ to monitor protein levels in tissue as par, of a chntcal estir* 

L be facilitated by coupling (,e., physical* linMng) the antibody to a detectaMe 
Examples of detectable substances tnclude various enzymes, prosthetic groups, fluorescent 
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materials, luminescent materials, bioluminescent materials, and radioactive materials. Examples 

of suitable enzymes include horseradish peroxidase, alkaline phosphatase, P-galactosidase, or 
acetylcholinesterase; examples of suitable prosthetic group complexes include streptavidin/biotin 
and avidin/biotin; examples of suitable fluorescent materials include umbelliferone, fluorescein, 
5 fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine fluorescein, dansyl chloride or 
phycoerythrin; an example of a luminescent material includes luminol; examples of 
bioluminescent materials include luciferase, luciferin, and aequorin, and examples of suitable 
radioactive material include I25 l, I3I I, 35 S or 3 H. 

Antibodies can be polyclonal, or more preferably, monoclonal. An intact antibody, or a 

1 0 fragment thereof {e.g., Fab or F(ab') 2 ) can be used. The term "labeled", with regard to the probe 
or antibody, is intended to encompass direct labeling of the probe or antibody by coupling (i.e., 
physically linking) a detectable substance to the probe or antibody, as well as indirect labeling of 
the probe or antibody by reactivity with another reagent that is directly labeled. Examples of 
indirect labeling include detection of a primary antibody using a fluorescently-labeled secondary 

1 5 antibody and end-labeling of a DNA probe with biotin such that it can be detected with 

fluorescently-labeled streptavidin. The term "biological sample" is intended to include tissues, 
cells and biological fluids isolated from a subject, as well as tissues, cells and fluids present 
within a subject. That is, the detection method of the invention can be used to detect NOVX 
mRNA, protein, or genomic DNA in a biological sample in vitro as well as in vivo. For example, 

20 in vitro techniques for detection of NOVX mRNA include Northern hybridizations and in situ 
hybridizations. In vitro techniques for detection of NOVX protein include enzyme linked 
immunosorbent assays (ELISAs), Western blots, immunoprecipitations, and 
immunofluorescence. In vitro techniques for detection of NOVX genomic DNA include 
Southern hybridizations. Furthermore, in vivo techniques for detection of NOVX protein include 

25 introducing into a subject a labeled anti-NOVX antibody. For example, the antibody can be 
labeled with a radioactive marker whose presence and location in a subject can be detected by 
standard imaging techniques. 

In one embodiment, the biological sample contains protein molecules from the test 
subject. Alternatively, the biological sample can contain mRNA molecules from the test subject 

30 or genomic DNA molecules from the test subject. A preferred biological sample is a peripheral 
blood leukocyte sample isolated by conventional means from a subject. 
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WO rTembodtaen,, .he methods tether involve obtaining a con.ro, biological sample 
from a control subject, contacting the con.ro! sample with a compound or agent capable of 
detecting NOVX protein, mRNA, or genomic DNA, such that .he presence of NOVX protem 
mRNA or genomic DNA is detected in the biological sample, and comparing the presence of 
NOVX protein, mRNA or genomic DNA in me controi sample with the presence of NOVX 
protein, mRNA or genomic DNA in the test sample. 

The invention also encompasses kits for detecting the presence of NOVX in a b iol og,cal 
sarnple . For example, the Id, can comprise: a labeled compound or agent capab.e of de.ec.mg 
NOVX P ro«ei„ or mRNA in a biological sample; means for de,ermining me amount of NOVX m 
the sample; and meaxts for comparing the amount of NOVX in the sample wift a standard. The 
compound or agen. can be packaged in a suitable container. The Id. can further compr.se 
instructions for using me kit to detect NOVX protein or nucletc acid. 



Prognostic Assays 

The diagnostic metitods described herein can furthermore be utilized to identtfy subjects 
having or a, risk of developing a disease or disorder associated wi,h aberran. NOVX expression 
or activity For examp.e, the assays described herein, such as the preceding diagnostic assays or 
the Mowing assays, can be utilized to identify a subject having or a. risk of developmg a 
disorder associated with NOVX protein, nucleic acid expression or activi ty. Such borders 
include for example, disorders of olfactory loss, eg. trauma, HIV illness, neoplastic grow*, and 
neurological disorders, e.g. Parkinson's disease and Alzheimer's dtsease. 

Alternatively, me prognostic assays can be utilized to identify a subject having or a, nsk 
for deveioping a disease or disorder. Thus, the invention provides a method for identifytng a 
disease or disorder associated with aberran. NOVX expression or activity in which a test sample 
is obtained from a subject and NOVX protein or nuc.eic acid (e.g., mRNA, genomic DNA) ,s 
detected, wherein the presence of NOVX protein or nucleic acid is diagnostic for a subject 
havmg or a. risk of deve.oping a disease or disorder associated with aberran. NOVX express-on 
or activity As used herein, a "test sampie" refers to a biological sample obtained from a subject 
of interes, For example, a test sample can be a biological fluid (e.g., serum), cell sample, or 



) tissue. 



Furthermore, me prognostic assays described herem can be used to determine whether a 
subject can be administered an agen. (e.g., an agonis,, antagonist, peptidomimetic, prote.n, 
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peptide, nucleic acid, small molecule, or other drug candidate) to treat a disease or disorder 

associated with aberrant NOVX expression or activity. For example, such methods can be used 
to determine whether a subject can be effectively treated with an agent for a disorder. Thus, the 
invention provides methods for determining whether a subject can be effectively treated with an 
5 agent for a disorder associated with aberrant NOVX expression or activity in which a test sample 
is obtained and NOVX protein or nucleic acid is detected (e.g., wherein the presence of NOVX 
protein or nucleic acid is diagnostic for a subject that can be administered the agent to treat a 
disorder associated with aberrant NOVX expression or activity). 

The methods of the invention can also be used to detect genetic lesions in a NOVX gene, 

10 thereby determining if a subject with the lesioned gene is at risk for a disorder characterized by 
aberrant cell proliferation and/or differentiation. In various embodiments, the methods include 
detecting, in a sample of cells from the subject, the presence or absence of a genetic lesion 
characterized by at least one of an alteration affecting the integrity of a gene encoding a 
NOVX-protein, or the misexpression of the NOVX gene. For example, such genetic lesions can 

15 be detected by ascertaining the existence of at least one of: (/) a deletion of one or more 

nucleotides from a NOVX gene; (//) an addition of one or more nucleotides to a NOVX gene; 
(Hi) a substitution of one or more nucleotides of a NOVX gene, (iv) a chromosomal 
rearrangement of a NOVX gene; (v) an alteration in the level of a messenger RNA transcript of a 
NOVX gene, (vi) aberrant modification of a NOVX gene, such as of the methylation pattern of 

20 the genomic DNA, (v/7) the presence of a non-wild-type splicing pattern of a messenger RNA 
transcript of a NOVX gene, (yiii) a non- wild-type level of a NOVX protein, (ix) allelic loss of a 
NOVX gene, and (x) inappropriate post-translational modification of a NOVX protein. As 
described herein, there are a large number of assay techniques known in the art which can be 
used for detecting lesions in a NOVX gene. A preferred biological sample is a peripheral blood 

25 leukocyte sample isolated by conventional means from a subject. However, any biological 

sample containing nucleated cells may be used, including, for example, buccal mucosal cells. 

In certain embodiments, detection of the lesion involves the use of a probe/primer in a 
polymerase chain reaction (PCR) (see, e.g., U.S. Patent Nos. 4,683,195 and 4,683,202), such as 
anchor PCR or RACE PCR, or, alternatively, in a ligation chain reaction (LCR) (see, e.g., 

30 Landegran, et ah, 1 988. Science 24 1 : 1 077- 1 080; and Nakazawa, et aL, 1 994. Proc. Natl Acad. 

Sci. USA 91 : 360-364), the latter of which can be particularly useful for detecting point mutations 
in the NOVX-gene (see, Abravaya, et a!., 1995. Nucl Acids Res. 23: 675-682). This method can 
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of col.ecting a sample of ceUs from a patient, isolating nuCeic acid 
or more primers ,ha, specif.ca.ly hybridize to a NOVX gene under condmons sucn tha, 

"ce of an amplification product, or detecting the size of ore ampler, product and 

1 "he length to a control samp.e. It is anticipated that PGR arrcVor LCR may be 

used for detecting mutations described herein. 

Alternate amp.ificat.on methods include: seif sustained seauence <" 
GuateUi - at 1990. Proc. ScL USA 87: 1874-1878), tra»scrip,.o„al amphfica, on 

7 0 „ ^ a(i . Sc , aSl4 86: 1173-1 177); Qp Rephcase 

system (see, Kwoh, e, a,., 1 89 - N ^fafion method, 

T irardi e( ah 1988. BfoTectow/ogy 6: 1 197), or any otner nuc 

fll by he detection of me amp.ified moiecu.es using tech^ues we« .mown to those o 
smI H. These detection schemes are especially useful for the detection of nuc,e,c aod 
mol ecu,es if such molecu.es are present in very lo„ number ^ 

In an alternative embodiment, mutations m a NOVX gene trorn 
identified by a— in restriction enzyme deavage patterns. For exampie sample atrd 
control DNA is isolated, amplified (optionally), digested with one o, more restr.ct.on 
eld™ Ceases and .ragmen, .ength sizes are determined by ge. e.ectrophores, and compared^ 

5,493,531) can be used to score for the presence 01 spe 

a ribozyme cleavage site. ^ a 

In other embodiments, genetic mutations mWVA hlltldreds 
. , rvNA or RNA to high-density arrays containing hundreds 
samnle and control nucleic acids, e.g., DNA or kjna, 10 iug 

l lands of oUgonucleotides probes. „, Cronin, „ 1996. H ^a„o^ 
U-nS- Kozal, e, al, .996. Na, Me, , 753-759. For examp.e, genetic mutanons mNOVX 
'1 b"e identified in two dimensional arrays containing light-generated DNA probes as desenbed 

2 Hes of DNA in a sample and control to identify base changes between the sequences 

point mutations. This is followed by a second hybridization array that allows .he 
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characterization of specific mutations by using smaller, specialized probe arrays complementary 
to all variants or mutations detected. Each mutation array is composed of parallel probe sets, one 
complementary to the wild-type gene and the other complementary to the mutant gene. 

In yet another embodiment, any of a variety of sequencing reactions known in the art can 
5 be used to directly sequence the NOVX gene and detect mutations by comparing the sequence of 
the sample NOVX with the corresponding wild-type (control) sequence. Examples of 
sequencing reactions include those based on techniques developed by Maxim and Gilbert, 1977. 
Proc. Natl. Acad Scl USA 74: 560 or Sanger, 1977. Proc. Natl Acad. Scl USA 74: 5463. It is 
also contemplated that any of a variety of automated sequencing procedures can be utilized when 

10 performing the diagnostic assays (see, e.g., Naeve, et al, 1995. Biotechniqnes 19: 448), including 
sequencing by mass spectrometry (see, e.g., PCT International Publication No. WO 94/16101; 
Cohen, et aL, 1996. Adv. Chromatography 36: 127-162; and Griffin, et al.> 1993. Appl. Biochem. 
Biotechnol 38: 147-159). 

Other methods for detecting mutations in the NOVX gene include methods in which 

1 5 protection from cleavage agents is used to detect mismatched bases in RNA/RNA or RNA/DNA 
heteroduplexes. See, e.g., Myers, et ah, 1985. Science 230: 1242. In general, the art technique of 
"mismatch cleavage" starts by providing heteroduplexes of formed by hybridizing (labeled) RNA 
or DNA containing the wild-type NOVX sequence with potentially mutant RNA or DNA 
obtained from a tissue sample. The double-stranded duplexes are treated with an agent that 

20 cleaves single-stranded regions of the duplex such as which will exist due to basepair 

mismatches between the control and sample strands. For instance, RNA/DNA duplexes can be 
treated with RNase and DNA/DNA hybrids treated with Sj nuclease to enzymatically digesting 
the mismatched regions. In other embodiments, either DNA/DNA or RNA/DNA duplexes can 
be treated with hydroxylamine or osmium tetroxide and with piperidine in order to digest 

25 mismatched regions. After digestion of the mismatched regions, the resulting material is then 

separated by size on denaturing polyacrylamide gels to determine the site of mutation. See, e.g., 
Cotton, etal, 1988. Proc. Natl Acad. Scl USA 85: 4397; Saleeba, et al, 1992. Methods 
Enzymol 217: 286-295. In an embodiment, the control DNA or RNA can be labeled for 
detection. 

30 In still another embodiment, the mismatch cleavage reaction employs one or more 

proteins that recognize mismatched base pairs in double-stranded DNA (so called "DNA 
mismatch repair" enzymes) in defined systems for detecting and mapping point mutations in 
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NOT^cDN As obtained from samples of cells. -^^^^T- ' 
cte avesAa,G,Amisma,Ce 

. e oo Hsu etal 1994. Carcinogenesis 15. 165/ looz. a 
G/T mismatches. See, eg., Hsu, et ai., wild -t Y pe NOVX sequence, 

u a on a NOVX sequence, e.g., a wiiQ type ^ 

is hybridized to a cDNA or * ^ ^ products, if any, can be detected from 

1 repair r;;x ::/ U s.pa,e„t N o. 5 ,«9,o39. 

electrophoresis protocols or the Uke. See, e.g.. „ hirrtv ™ll be used to identify 

,„ other embodiments, alterations in electrophone mobrhty vrfl be us 

mu tatil -OVX g ene, F o,examp,e,^ 

acids. &e.e.g.,Onta,«/ a/., 1989. iVoc.JV«r single-stranded DNA 

The secondary structure of single-stranded nu g 

1:1:^ enables the detection ot even a ^ 

The DNA foments may be labeled or d«e«ed ^ fa ^ 

^ayl— y usm g -A ^^^^^-.----M- 

sensitive to a change m sequence. In one 

anaiysis to separate double sanded he.erodup.ex molecules on the b»s of 
erecrophoretic mobility. e,, Keen, , <,,., .99, . 7>~* C** 7. 5. 

" Iy T id \oo""C .*.*-3»:«. WhenDCOBisused 

eiectrophorests DOGE > to .* * (o ^ , hat it does n0 , C omp>e,e,y denature, 

-^^"^^V, ofappIoxim ately40 bp of high-melting GC-rich DNA by 
for example by ^ is used in place of a denaturing gradient 

PCR. in a further embodrment, a temperatur g i P DNA See e g Rosenbaum and 

to identify differences in the mobility of control and saurple DNA. See, e.g., 

Reissner, 1987. Biophys. Chem. 265: 12753. (o _ 
Fxantnles of other techniques for detecting pomtmutattons include, but 

For example, oligonucleotide pnmers may be prepared m - t hvbridizatio „ only if a 

, u ri,n target DNA under conditions that permit hybndizano 
centrally and then hybridized to target UNA u 
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perfect match is found. See, e.g., Saiki, et ah, 1986. Nature 324: 163; Saiki, et aL 7 1989. Proc. 

Natl. Acad Sci. USA 86: 6230. Such allele specific oligonucleotides are hybridized to PGR 
amplified target DNA or a number of different mutations when the oligonucleotides are attached 
to the hybridizing membrane and hybridized with labeled target DNA. 
5 Alternatively, allele specific amplification technology that depends on selective PCR 

amplification may be used in conjunction with the instant invention. Oligonucleotides used as 
primers for specific amplification may carry the mutation of interest in the center of the molecule 
(so that amplification depends on differential hybridization; see, e.g., Gibbs, et aL, 1989. Nucl. 
Acids Res. 1 7: 2437-2448) or at the extreme 3'-terminus of one primer where, under appropriate 

10 conditions, mismatch can prevent, or reduce polymerase extension {see, e.g., Prossner, 1993. 
Tibtech. 11:238). In addition it may be desirable to introduce a novel restriction site in the 
region of the mutation to create cleavage-based detection. See, e.g., Gasparini, et ai, 1992. Mol. 
Cell Probes 6:1. It is anticipated that in certain embodiments amplification may also be 
performed using Taq ligase for amplification. See, e.g., Barany, 1991. Proc. Natl. Acad. ScL 

15 USA 88: 189. In such cases, ligation will occur only if there is a perfect match at the 3 '-terminus 
of the 5' sequence, making it possible to detect the presence of a known mutation at a specific 
site by looking for the presence or absence of amplification. 

The methods described herein may be performed, for example, by utilizing pre-packaged 
diagnostic kits comprising at least one probe nucleic acid or antibody reagent described herein, 

20 which may be conveniently used, e.g., in clinical settings to diagnose patients exhibiting 
symptoms or family history of a disease or illness involving a NOVX gene. 

Furthermore, any cell type or tissue, preferably peripheral blood leukocytes, in which 
NOVX is expressed may be utilized in the prognostic assays described herein. However, any 
biological sample containing nucleated cells may be used, including, for example, buccal 

25 mucosal cells. 

Pharmacogenomics 

Agents, or modulators that have a stimulatory or inhibitory effect on NOVX activity (e.g., 
NOVX gene expression), as identified by a screening assay described herein can be administered 
to individuals to treat (prophylactically or therapeutically) disorders (e.g. disorders of olfactory 
30 loss, e.g. trauma, HIV illness, neoplastic growth, and neurological disorders, e.g. Parkinson's 
disease and Alzheimer's disease). In conjunction with such treatment, the pharmacogenomics 
(i.e., the study of the relationship between an individual's genotype and that individual's response 
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WO 01/051632 . . ronsidered Differences in metabolism 

,a rim^ of the individual may be consiaeicu. ^ 

Pharmacogenomics deals with clinically significant hereditary 

254-266. In genera,, two types of ph—enetic conditions can be ~ 
action, or g ene„c colons — ed as s tag >e factors al t e„„ g th-a^e , 

ta ges,ion of oxidant drugs (anti-malarials, sulfonamides, analgesics, ni.roh.rans) and 

consump.ionoffavabeans teacUyuy of ^melabolizing enzyme, is a major 

As an illustrative embodiment, the activity oiu. 6 

■ , fHoth,hein,ensityanddurationofdru g ac.ion.Thediscoveryof g ene,,c 
determinant of both the intensity N . acetyltra nsferase 2 (NAT 2) and 

polymorphisms of dru g metabolizing enzymes (e.g., N acetyl*. 

two phenotypes in the population, the extensive 

The pr.va.ence of PM is different among different populations. For ex^ 

frequently experience exa g gera.ed drug response and side effects when y 
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demonstrated for the analgesic effect of codeine mediated by its CYP2D6-formed metabolite 

morphine. At the other extreme are the so called ultra-rapid metabolizers who do not respond to 
standard doses. Recently, the molecular basis of ultra-rapid metabolism has been identified to be 
due to CYP2D6 gene amplification. 
5 Thus, the activity of NOVX protein, expression of NOVX nucleic acid, or mutation 

content of NOVX genes in an individual can be determined to thereby select appropriate agent(s) 
for therapeutic or prophylactic treatment of the individual. In addition, pharmacogenetic studies 
can be used to apply genotyping of polymorphic alleles encoding drug-metabolizing enzymes to 
the identification of an individual's drug responsiveness phenotype. This knowledge, when 
10 applied to dosing or drug selection, can avoid adverse reactions or therapeutic failure and thus 

enhance therapeutic or prophylactic efficiency when treating a subject with a NOVX modulator, 
such as a modulator identified by one of the exemplary screening assays described herein. 



Monitoring of Effects During Clinical Trials 

15 Monitoring the influence of agents (e.g., drugs, compounds) on the expression or activity 

of NOVX (e.g., the ability to modulate aberrant cell proliferation) can be applied not only in 
basic drug screening, but also in clinical trials. For example, the effectiveness of an agent 
determined by a screening assay as described herein to increase NOVX gene expression, protein 
levels, or upregulate NOVX activity, can be monitored in clinical trails of subjects exhibiting 

20 decreased NOVX gene expression, protein levels, or downregulated NOVX activity. 

Alternatively, the effectiveness of an agent determined by a screening assay to decrease NOVX 
gene expression, protein levels, or downregulate NOVX activity, can be monitored in clinical 
trails of subjects exhibiting increased NOVX gene expression, protein levels, or upregulated 
NOVX activity. In such clinical trials, the expression or activity of NOVX and, preferably, other 

25 genes that have been implicated in, for example, a cellular proliferation or immune disorder can 
be used as a "read out" or markers of the immune responsiveness of a particular cell. 

By way of example, and not of limitation, genes, including NOVX, that are modulated in 
cells by treatment with an agent (e.g., compound, drug or small molecule) that modulates NOVX 
activity (e.g., identified in a screening assay as described herein) can be identified. Thus, to 

30 study the effect of agents on cellular proliferation disorders, for example, in a clinical trial, cells 
can be isolated and RNA prepared and analyzed for the levels of expression of NOVX and other 
genes implicated in the disorder. The levels of gene expression (i.e., a gene expression pattern) 
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• r.u ow-ffft detecting the level of expression of a NOVX 
protein, mRNA, or genomtc DNA ■„ the pre ^ ^ ^ rf 

^-administration samples *» - <« samples; M eompartng 

thelevelofexpressionoractmtyoftheNOVXpro nNAint hepost 

«ie with the NOVX protein, mRNA, or genomic DMA m the post 
pre-administration sample with .he NOV ^ ^ ^ ^ tQ ^ ^ 

administration sample or samples, and (v.) altering tn 

accordingly. For example, increased administration of the agent may be desirable to 
according y . ^ tQ the effectlV enes S 

expression or activity of NOVX to hrgne nfthe aeent ^ be desirable to decrease 

of the agent. Alternatively, decreased administration of th agent may ^ 
expression or activity of NOVX to lower levels than detected, i.e., to decrease th 



of the agent. 
Methods of Treatment 



25 



NOVX expression or activity. Disorders associated with aberrant N P 
!lp,e, Lders orolfactory ioss, ,, H* iHness, neopiasttc growth, and 

neuronal disorders, e.g. Park's disease and Aider's disease. 
These methods of treatment will be discussed more Mly, below. 
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Disease and Disorders 

Diseases and disorders that are characterized by increased (relative to a subject not 
suffering from the disease or disorder) levels or biological activity may be treated with 
5 Therapeutics that antagonize (i.e., reduce or inhibit) activity. Therapeutics that antagonize 

activity may be administered in a therapeutic or prophylactic manner. Therapeutics that may be 
utilized include, but are not limited to: (i) an aforementioned peptide, or analogs, derivatives, 
fragments or homologs thereof; (7z) antibodies to an aforementioned peptide; (Hi) nucleic acids 
encoding an aforementioned peptide; (iv) administration of antisense nucleic acid and nucleic 

10 acids that are "dysfunctional" (i.e., due to a heterologous insertion within the coding sequences 
of coding sequences to an aforementioned peptide) that are utilized to "knockout" endogenous 
function of an aforementioned peptide by homologous recombination (see, e.g., Capecchi, 1989. 
Science 244: 1288-1292); or (v) modulators ( i.e., inhibitors, agonists and antagonists, including 
additional peptide mimetic of the invention or antibodies specific to a peptide of the invention) 

15 that alter the interaction between an aforementioned peptide and its binding partner. 

Diseases and disorders that are characterized by decreased (relative to a subject not 
suffering from the disease or disorder) levels or biological activity may be treated with 
Therapeutics that increase (i.e., are agonists to) activity. Therapeutics that upregulate activity 
may be administered in a therapeutic or prophylactic manner. Therapeutics that may be utilized 

20 include, but are not limited to, an aforementioned peptide, or analogs, derivatives, fragments or 
homologs thereof; or an agonist that increases bioavailability. 

Increased or decreased levels can be readily detected by quantifying peptide and/or RNA, 
by obtaining a patient tissue sample (e.g., from biopsy tissue) and assaying it in vitro for RNA or 
peptide levels, structure and/or activity of the expressed peptides (or mRNAs of an 

25 aforementioned peptide). Methods that are well-known within the art include, but are not limited 
to, immunoassays (e.g., by Western blot analysis, immunoprecipitation followed by sodium 
dodecyl sulfate (SDS) polyacrylamide gel electrophoresis, immunocytochemistry, etc.) and/or 
hybridization assays to detect expression of mRNAs (e.g., Northern assays, dot blots, in situ 
hybridization, and the like). 
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method involves administering a NOVX protein or nucleic acid molecule as therapy to 

compensate for reduced or aberrant NOVX expression or activity. 

Stimulation of NOVX activity is desirable in situations in which NOVX is abnormally 

downregulated and/or in which increased NOVX activity is likely to have a beneficial effect. One 

5 example of such a situation is where a subject has a disorder characterized by aberrant cell 

proliferation and/or differentiation (e.g., cancer or immune associated ). Another example of 

such a situation is where the subject has an immunodeficiency disease {e.g., AIDS). 

Antibodies of the invention, including polyclonal, monoclonal, humanized and fully 

human antibodies, may used as therapeutic agents. Such agents will generally be employed to 

1 0 treat or prevent a disease or pathology in a subject. An antibody preparation, preferably one 

having high specificity and high affinity for its target antigen, is administered to the subject and 
will generally have an effect due to its binding with the target. Such an effect may be one of two 
kinds, depending on the specific nature of the interaction between the given antibody molecule 
and the target antigen in question. In the first instance, administration of the antibody may 

1 5 abrogate or inhibit the binding of the target with an endogenous ligand to which it naturally 
binds. In this case, the antibody binds to the target and masks a binding site of the naturally 
occurring ligand, wherein the ligand serves as an effector molecule. Thus the receptor mediates a 
signal transduction pathway for which ligand is responsible. 

Alternatively, the effect may be one in which the antibody elicits a physiological result by 

20 virtue of binding to an effector binding site on the target molecule. In this case the target, a 
receptor having an endogenous ligand which may be absent or defective in the disease or 
pathology, binds the antibody as a surrogate effector ligand, initiating a receptor-based signal 
transduction event by the receptor. 

A therapeutically effective amount of an antibody of the invention relates generally to the 

25 amount needed to achieve a therapeutic objective. As noted above, this may be a binding 

interaction between the antibody and its target antigen that, in certain cases, interferes with the 
functioning of the target, and in other cases, promotes a physiological response. The amount 
required to be administered will furthermore depend on the binding affinity of the antibody for 
its specific antigen, and will also depend on the rate at which an administered antibody is 

30 depleted from the free volume other subject to which it is administered. Common ranges for 

therapeutically effective dosing of an antibody or antibody fragment of the invention may be, by 
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1 . An isolated polypeptide comprising an amino acid sequence selected from the 
group consisting of: 

a) a mature form of the amino acid sequence selected from the group consisting 
ofSEQIDNO:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26; 

b) a variant of a mature form of the amino acid sequence selected from the group 
consisting of SEQ ID NO: 2, 4, 6, 8, 1 0, 1 2, 1 4, 1 6, 1 8, 20, 22, 24 or 26, wherein any 
amino acid in the mature form is changed to a different amino acid, provided that no 
more than 15% of the amino acid residues in the sequence of the mature form are so 
changed; 

c) the amino acid sequence selected from the group consisting of SEQ ID NO: 2, 
4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26; 

d) a variant of the amino acid sequence selected from the group consisting of 
SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26 wherein any amino acid 
specified in the chosen sequence is changed to a different amino acid, provided that no 
more than 15% of the amino acid residues in the sequence are so changed; and 

e) a fragment of any of a) through d). 

2. The polypeptide of claim 1 that is a naturally occurring allelic variant of the 
sequence selected from the group consisting of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 
18, 20, 22, 24 or 26. 

3. The polypeptide of claim 2, wherein the variant is the translation of a single 
nucleotide polymorphism. 

4. The polypeptide of claim 1 that is a variant polypeptide described therein, 
wherein any amino acid specified in the chosen sequence is changed to provide a 
conservative substitution. 
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ending a polypeptide comprising an anuno acd sequence 

consisting of: EQ NO: 2 , 4, 6, 8, 10, 12, 

„, a mature form of the amino acid sequence grven SEQ ID 

14, 16, 18, 20, 22, 24 or 26; •,, , MM nce selected from the group 

b) av^ofama»eformof*e^oa d ^ 

acid in me mature form of the chosen sequenc * ^ ^ 
acid provided that no more to 15% of the ammo acrd 

rll^srl-edfrom.egronpcon^gofSBOlO-, 

d) avanantofmeammo 24 or 26 , m which any ammo ac,d 

SEQ1D NO-.2,4,M, 10, .2,14,16 18, 0 2 ' pIovi „ed that no 

specifi ed in the chosen sequence is changed 

*. amino acid sequence selected from me gr P ^ 

^ ac id of me chosen sequence rs <^ „ s0 changed ., and 

no m ore man 10% of me amino acid resrdues . the sem^nc 
fl the complement of any of saidnuctoc acrd molecule, 

polypeptide variant. 
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9. The nucleic acid molecule of claim 5, wherein said nucleic acid molecule 
comprises a nucleotide sequence selected from the group consisting of 

a) the nucleotide sequence selected from the group consisting of SEQ ID NO: 1, 
3, 5,7,9, 11, 13, 15, 17, 19,21,23 or 25; 

b) a nucleotide sequence wherein one or more nucleotides in the nucleotide 
sequence selected from the group consisting of SEQ ID NO: 1,3,5, 7, 9, 11, 13, 15, 
17, 19, 21, 23 or 25 is changed from that selected from the group consisting of the 
chosen sequence to a different nucleotide provided that no more than 1 5% of the 
nucleotides are so changed; 

c) a nucleic acid fragment of the sequence selected from the group consisting of 
SEQ ID NO: 1,3, 5,7, 9, 11, 13, 15, 17, 19,21,23 or 25; and 

d) a nucleic acid fragment wherein one or more nucleotides in the nucleotide 
sequence selected from the group consisting of SEQ ID NO: 1,3,5, 7, 9, 11,13, 15, 
17, 19, 21, 23 or 25 is changed from that selected from the group consisting of the 
chosen sequence to a different nucleotide provided that no more than 15% of the 
nucleotides are so changed. 

10. The nucleic acid molecule of claim 5, wherein said nucleic acid molecule 
hybridizes under stringent conditions to the nucleotide sequence selected from the 
group consisting of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21,23 or 25, or a 
complement of said nucleotide sequence. 

1 1 . The nucleic acid molecule of claim 5, wherein the nucleic acid molecule 
comprises a nucleotide sequence in which any nucleotide specified in the coding 
sequence of the chosen nucleotide sequence is changed from that selected from the 
group consisting of the chosen sequence to a different nucleotide provided that no 
more than 1 5% of the nucleotides in the chosen coding sequence are so changed, an 
isolated second polynucleotide that is a complement of the first polynucleotide, or a 
fragment of any of them. 

12. A vector comprising the nucleic acid molecule of claim 1 1 . 
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nucleic acid molecule. 

14 . A cell comprising the vector of claim 12. 

15 . ^antibodymatb^ 

■ • the presence or amount of the polypeptide of claim 
18. A method for determining the presence 

1 in a sample, the method comprising: 

(a) providing said sample specifically to the 

(b) introducing said sample to an antioo > 

polypeptide; and to ^ lype ptide, 

(c) determining the presence or amount of anybody 

• • the presence or amount of polypeptide m said sample, 
thereby determining the presence 

• • the presence or amount of the nucleic acid molecule 
19 A method for determining the presence 

of claim 5 in a sample, the method comprising: 

(a) providing said sample; ^ 

(b) introducing said sample to a probe that binds 

311(1 ,„t nf said probe bound to said nucleic acid 

(c) deterrnining the presence or amount of said pro 

m ° leCUle ' ™ mt of the nucleic acid molecule in said 

thereby determining the presence or amount of the 

sample. 

20 . Am e M o f Me„, ii V i n g a n a g en,« bWsl o lh epo 1)T ep ti aeo f c, aiml >e 

method comprising: 
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(a) introducing said polypeptide to said agent; and 

(b) determining whether said agent binds to said polypeptide. 

21. A method for identifying a potential therapeutic agent for use in treatment of a 
pathology, wherein the pathology is related to aberrant expression or aberrant 
physiological interactions of the polypeptide of claim 1, the method comprising: 

(a) providing a cell expressing the polypeptide of claim 1 and having a 
property or function ascribable to the polypeptide; 

(b) contacting the cell with a composition comprising a candidate substance; 
and 

(c) determining whether the substance alters the property or function ascribable 
to the polypeptide; 

whereby, if an alteration observed in the presence of the substance is not observed 
when the cell is contacted with a composition devoid of the substance, the substance 
is identified as a potential therapeutic agent. 

22. A method for modulating the activity of the polypeptide of claim 1 , the 
method comprising introducing a cell sample expressing the polypeptide of said claim 
with a compound that binds to said polypeptide in an amount sufficient to modulate 
the activity of the polypeptide. 

23. A method of treating or preventing a pathology associated with the polypeptide 
of claim 1, said method comprising administering the polypeptide of claim 1 to a 
subject in which such treatment or prevention is desired in an amount sufficient to 
treat or prevent said pathology in said subject. 

24. The method of claim 23, wherein said subject is a human. 

25. A method of treating or preventing a pathology associated with the polypeptide 
of claim 1, said method comprising administering to a subject in which such treatment 
or prevention is desired a NOVX nucleic acid in an amount sufficient to treat or 
prevent said pathology in said subject. 
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26. The method of claim 25, wherein said subject is a human. 

27 A method of treating or preventing a pathology associated with the polypeptide 
of claim 1, said method comprising administering to a subject in which such treatment 
or prevention is desired a NOVX antibody in an amount sufficient to treat or prevent 
said pathology in said subject. 

28. The method of claim 27, wherein the subject is a human. 

29. A pharmaceutical composition comprising the polypeptide of claim 1 and a 
pharmaceutically acceptable carrier. 

30. A pharmaceutical composition comprising the nucleic acid molecule of claim 
5 and a pharmaceutically acceptable carrier. 

31. A pharmaceutical composition comprising the antibody of claim 15 and a 
pharmaceutically acceptable carrier. 

32. A kit comprising in one or more containers, the pharmaceutical composition of 
claim 29. 

33. A kit comprising in one or more containers, the pharmaceutical composition of 

claim 30. 

34. A kit comprising in one or more containers, the pharmaceutical composition of 
claim 3 1 . 

35. The use of a therapeutic in the manufacture of a medicament for treating a 
syndrome associated with a human disease, the disease selected from a pathology 
associated with the polypeptide of claim 1 , wherein said therapeutic is the polypeptide 

of claim 1. 
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36. The use of a therapeutic in the manufacture of a medicament for treating a 
syndrome associated with a human disease, the disease selected from a pathology 
associated with the polypeptide of claim 1, wherein said therapeutic is a NOVX 
nucleic acid. 

37. The use of a therapeutic in the manufacture of a medicament for treating a 
syndrome associated with a human disease, the disease selected from a pathology 
associated with the polypeptide of claim 1 , wherein said therapeutic is a NOVX 
antibody. 

38. A method for screening for a modulator of activity or of latency or 
predisposition to a pathology associated with the polypeptide of claim 1 , said method 
comprising: 

a) administering a test compound to a test animal at increased risk for a 
pathology associated with the polypeptide of claim 1, wherein said test animal 
recombinantly expresses the polypeptide of claim 1; 

b) measuring the activity of said polypeptide in said test animal after 
administering the compound of step (a); and 

c) comparing the activity of said protein in said test animal with the activity of 
said polypeptide in a control animal not administered said polypeptide, wherein a 
change in the activity of said polypeptide in said test animal relative to said control 
animal indicates the test compound is a modulator of latency of, or predisposition to, a 
pathology associated with the polypeptide of claim 1. 

39. The method of claim 38, wherein said test animal is a recombinant test animal 
that expresses a test protein transgene or expresses said transgene under the control of 
a promoter at an increased level relative to a wild-type test animal, and wherein said 
promoter is not the native gene promoter of said transgene. 



139 

SUBSTITUTE SHEET (RULE 26) 



PCT/US01/01513 

WO 01/051632 

40 A method for determining the presence of or predisposition to a disease 
associated with altered levels of the polypeptide of data 1 in a firs, mammahan 
subject, the method comprising: 

a) measuring the level of expression of the polypeptide in a sample from the first 
mammalian subject; and 

b) comparing the amount of said polypeptide in the sample of step (a) to the 
amount of the polypeptide present in a control sample from a second mammahan 
subject known not to have, or not to be predisposed to, said drsease, 

wherein an alteration inthe expression leve! of the poiypeptide in the firs, subject as 
compared to the control sample indicates the presence of or predisposition to sard 
disease. 

41 A method for determining the presence of or predisposition to a disease 
associated with altered levels of the nucleic acid molecule of claim 5 in a first 
mammalian subject, the method comprising: 

a) measuring the amount of the nucleic acid in a sample from the first 
mammalian subject; and 

b) comparing the amount of said nucleic acid in the sample of step (a) to the 

' amount of the nucleic acid present in a control sample from a second mammahan 

subject known not to have or not be predisposed to, the disease; 
wherein an alteration inthe level of me nucleic acid in me first subject as compared to 
the control sample indicates the presence of or predisposition to the d 1S ease. 

4 o A method of treating a pathological state in a mammal, the method comprising 
administering to the mammal a polypeptide in an amount that is sufficient to allevrate 
the pathological state, wherein the polypeptide is a polypeptide having an ammo aad 
sequence at least 95% identical to a polypeptide comprising the amino acrd sequence 
selected from the group consisting of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 
22, 24 or 26 or a biologically active fragment thereof. 
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43. A method of treating a pathological state in a mammal, the method comprising 
administering to the mammal the antibody of claim 1 5 in an amount sufficient to 
alleviate the pathological state. 
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1. Claims: 1-43 partly 

odorant receptor polypeptides from the G-protein receptor 
family with amino acid sequence with seq.id.2 and 
corresponding nucleotide sequence with seq.id.l , 
corresponding vector, cell , antibody , method of 
determination of presence and predisposition to a disease , 
method of identifying a binding/modulator agent and 
pharmaceutical . 



2. Claims: 1-43 partly 

odorant receptor polypeptides from the G-protein receptor 
family with amino acid sequence with seq.id.4 and 
corresponding nucleotide sequence with seq.id.3 , 
corresponding vector, cell , antibody , method of 
determination of presence and predisposition to a disease , 
method of identifying a binding/modulator agent and 
pharmaceutical . 



3. Claims: 1-43 partly 

odorant receptor polypeptides from the G-protein receptor 
family with amino acid sequence with seq.id.6 and 
corresponding nucleotide sequence with seq.id.5 , 
corresponding vector, cell , antibody , method of 
determination of presence and predisposition to a disease , 
method of identifying a binding/modulator agent and 
pharmaceutical . 



4. Claims: 1-43 partly 

odorant receptor polypeptides from the G-protein receptor 
family with amino acid sequence with seq.id.8 and 
corresponding nucleotide sequence with seq.id.7 , 
corresponding vector, cell , antibody , method of 
determination of presence and predisposition to a disease , 
method of identifying a binding/modulator agent and 
pharmaceutical . 



5. Claims: 1-43 partly 

odorant receptor polypeptides from the G-protein receptor 
family with amino acid sequence with seq.id.10 and 
corresponding nucleotide sequence with seq.id.9 , 
corresponding vector, cell , antibody , method of 
determination of presence and predisposition to a disease , 
method of identifying a binding/modulator agent and 
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6. Claims: 1-43 partly 

nrinrant receptor polypeptides from the G-protein receptor 
?amily wUh amino acid sequence with seq id 12 and 

StSSStlS of 'preset andTredis^ositi on to a disease . 
me K of identifying a binding/modulator agent and 
pharmaceutical . 

7. Claims: 1-43 partly 

ol ^esence and predisposition to a disease . 
SthSTS? identifying a binding/modulator agent and 
pharmaceutical . 

8. Claims: 1-43 partly 

corresponding nucleotide sequence with seq.id.15. 

KKTrt rden?if5in|Tbin3?n P 9 / ro du?ator agent and 
pharmaceuti cal . 

9. Claims: 1-43 partly 

nHnr*nt receptor polypeptides from the G-protein receptor 
fSrilJ wUh am^no acVsequence with seq id 1 and 
corresponding nucleotide sequence with seq.id.17 , 
or^din vector ; cell anti bo V .-thod^f ^ # 

pharmaceuti cal . 

10. Claims: 1-43 partly 

nHnrant receotor polypeptides from the G-protein receptor 

_ — ' page 2 of 3 



r 



4 

Internationa! Application No. PCT/US 01/01513 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



method of identifying a binding/modulator agent and 
pharmaceutical . 



11. Claims: 1-43 partly 

odorant receptor polypeptides from the G-protein receptor 
family with amino acid sequence with seq.id.22 and 
corresponding nucleotide sequence with seq.id.21 , 
corresponding vector, cell , antibody , method of 
determination of presence and predisposition to a disease , 
method of identifying a binding/modulator agent and 
pharmaceutical . 



12. Claims: 1-43 partly 

odorant receptor polypeptides from the G-protein receptor 
family with amino acid sequence with seq.id.24 and 
corresponding nucleotide sequence with seq.id.23 , 
corresponding vector, cell , antibody , method of 
determination of presence and predisposition to a disease , 
method of identifying a binding/modulator agent and 
pharmaceuti cal . 



13. Claims: 1-43 partly 

odorant receptor polypeptides from the G-protein receptor 
family with amino acid sequence with seq.id.26 and 
corresponding nucleotide sequence with seq.id.25 , 
corresponding vector, cell , antibody , method of 
determination of presence and predisposition to a disease , 
method of identifying a binding/modulator agent and 
pharmaceutical . 
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